
i -1 
N A S A  T ~ N I C A L  TRANSLATION 

/ 

v 
J 

\~ 

. -  

N A S A  T T  F-11,422 

N 
N * 
n TRANSACTIONS OF THE CENTRAL AEROLOGICAL OBSERVATORY, 

VOL, 52, 
ATNOSPHERE DURING THE INTERNATIONAL GEOPHYSICAL 

YEAR AND THE INTERNATIONAL GEOPHYSICAL COOPERATION 

d 
d 
I 
LL 

k 

< 
v, < z 

RESULTS OF ROCKET I N V E S T I G A T I O N S  OF THE 

I- 

I .  A .  K h v o s t i k o v  
E d i t o r  

T r a n s l a t e d  from: 
o b s e r v a t o r i i  , vyp .  5 2 .  R e s u l ' t a t y  r a k e t n i k h  i s s l e d o -  

v a n i y  a t m o s p h e r y  v p e r i o d  M G G  i M G S .  
H y d r o m e t e o r o l o g i c a l  P r e s s ,  M O S C O W ,  1 9 6 4 ,  p p .  1-50 

Trudy  t s e n t r a l  ' n o y  a e r o l o g i c h e s k o y  

GPO PRICE $ 

CSFTI PRICE(S) $ 

Hard copy (HC) I 2, O - Z ~  

Micrcfiche (MF) / 
/ 

ff 653 July 65 

4 - (CATEOORT I 3 (NASA CR OR TMX OR AD NUMBER) 

N A T I O N A L  A E R O N A U T I C S  AND S P A C E  A D M I N I S T R A T I O N  
W A S H I N G T O N ,  D . C .  2 0 5 4 6  M A R C H  1 9 6 8  



-* 

A N  NOT A T  I O N  

I n  t h i s  c o l l e c t i o n  a r e  g i v e n  t a b l e s  o f  
r o c k e t  p r o b e s  o f  t h e  a t m o s p h e r e ,  c o n d u c t e d  i n  
t h e  USSR d u r i n g  t h e  p e r i o d  o f  t h e  I G Y  a n d  IGC, 
a n d  a s e r i e s  o f  a r t i c l e s  b a s e d  on t h e  g e n e r a l i -  
z a t i o n  a n d  a n a l y s i s  o f  t h e  d a t a  o b t a i n e d .  The 
f e a t u r e s  o f  t h e  t e m p e r a t u r e  f i e l d  of t h e  s t r a t o -  
s p h e r e  t h e  v e r t i c a l  s t r a t i f i c a t i o n  t h e  c h a r -  
a c t e r i s t i c s  of t h e  a n n u a l  p a t h  a n d  s e v e r a l  c a s e s  
o f  t h e  a n o m a l o u s  h e a t i n g  o f  t h e  A r c t i c  s t r a t o -  
s p h e r e  a r e  a n a l y z e d .  

I n  a d d i t i o n ,  i n  o n e  o f  t h e  a r t i c l e s  m e t h o d s  
a r e  d e s c r i b e d  i n  d e t a i l  for m e a s u r i n g  a n d  i n t e r -  
p r e t i n g  t h e  m e t e o r o l o g i c a l  p a r a m e t e r s  o f  t h e  
a t m o s p h e r e .  
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INVESTIGATIOFJ OF THE STRATOSPHERE U S I N G  METEOROLOGICAL 
ROCKETS I N  THE USSR DURING THE I N T E R N A T I O N A L  GEOPHYSICAL 

YEAR AND THE INTERNATIONAL GEOPHYSICAL CO@PERATIOM 
I.A. K h v o s t i k o v  

A B S T R A C T :  T h i s  a r t i c l e  is an i n t r o d u c t i o n  t o  
t h e  d a t a  c o n t a i n e d  i n  t h e  o t h e r  a r t i c l e s  i n  t h e  
c o l l e c t i o n .  The r e s u l t s  of a n a l y z i n g  d a t a  w h i c h  
have  b e e n  p u b l i s h e d  p r e v i o u s l y  a r e  c i t e d .  

D u r i n g  t h e  p e r i o d  o f  t h e  I G Y  ( J u l y  1 9 5 7  - December  1 9 5 9 )  i n  
t h e  USSR, i n  c o o p e r a t i o n  w i t h  I n t e r n a t i o n a l  P r o g r a m s ,  r e g u l a r  l a u n c h -  
i n g s  w e r e  c a r r i e d  o u t  o f  m e t e o r o l o g i c a l  r o c k e t s  for t h e  p u r p o s e  o f  
s t u d y i n g  t h e  t h e r m a l  a n d  w i n d  r e g i m e s  o f  t h e  s t r a t o s p h e r e  a n d  t h e  
p r e s s u r e  f i e l d .  The p r o b e s  were a c c o m p l i s h e d  i n  d i f f e r e n t  g e o -  
g r a p h i c a l  r e g i o n s :  I n  Z a p o l y a r ' y e  ( F r a n z - J o s e f  L a n d ) ,  i n  t h e  m i d -  
d l e  l a t i t u d e s  o f  t h e  E u r o p e a n  p a r t  of t h e  USSR a n d  a l s o  on  w e a t h e r  
s h i p s  i n  t h e  P a c i f i c  Ocean  ( i n  t h e  n o r t h e r n  a n d  s o u t h e r n  h e m i -  
s p h e r e s ) .  A l l  t o l d  d u r i n g  t h e  p e r i o d  o f  t h e  I G Y  a n d  t h e  I G C ,  88  
r o c k e t s  were  l a u n c h e d  i n c l u d i n g  35 f r o m  F r a n z - J o s e f  Land ( H e s s  I s -  
l a n d ) ,  2 6  f r o m  t h e  m i d d l e  l a t i t u d e s  o f  t h e  USSR a n d  2 7  f r o m  s h i p s .  

The r e s u l t s  o f  a n a l y z i n g  t h e  d a t a  o b t a i n e d  f r o m  t h e  r o c k e t  
p r o b e s  d u r i n g  t h e  I G Y  h a v e  a l r e a d y  b e e n  p u b l i s h e d  i n  p a r t .  I n  t h e  
work  o f  A . M .  B o r o v i k o v ,  G . I .  G o l y s h e v  a n d  G . A .  K o k i n  C 2 1 ,  new d a t a  
w e r e  o b t a i n e d  c o n c e r n i n g  t h e  s t r u c t u r e  o f  t h e  a t m o s p h e r e  o f  t h e  
s o u t h e r n  h e m i s p h e r e .  I n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  P a c i f i c  Ocean  
i n  t h e  l o w e r  s t r a t o s p h e r e  t h e  h o r i z o n t a l  t e m p e r a t u r e  g r a d i e n t  w a s  
d i r e c t e d  f rom s o u t h  t o  n o r t h ;  e v e n  i n  l a t e  F a l l  ( a t  t h e  e n d  o f  
A p r i l )  t h e  s i g n s  o f  t h e  summer t h e r m a l  r e g i m e  were  s t i l l  r e t a i n e d .  
I n  t h e  u p p e r  s t r a t o s p h e r e  ( 2 1 - 3 8  km) t h e  d i r e c t i o n  o f  t h e  m e r i d i a n a l  
t e m p e r a t u r e  g r a d i e n t  i s  o p p o s i t e  t o  t h a t  f o r  t h e  l o w e r  s t r a t o s p h e r e .  
Above 38 km t h e  t e m p e r a t u r e  f i e l d  is c h a r a c t e r i z e d  by  g r e a t  i r r e g -  
u l a r i t i e s .  

I n  t h e  c e n t r a l  p a r t  o f  t h e  A t l a n t i c  Ocean  t h e  t h e r m a l  f i e l d  
i n  t h e  s t r a t o s p h e r e  i s  c h a r a c t e r i z e d  by a n  i n t e r e s t i n g  f e a t u r e ,  
? . e . ,  by  t h e  i n t r u s i o n  o f  a t h e r m a l  s t r a t o s p h e r e  o f  t h e  summer 
n o r t h e r n  h e m i s p h e r e  d e e p  i n t o  t h e  w i n t e r  s o u t h e r n  h e m i s p h e r e .  

I n  t h e  s t r a t o s p h e r e  o v e r  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  P a c i f i c  
Ocean  i n  l a t e  F a l l ,  w e s t e r n  w i n d s  p r e v a i l .  The p r e s e n c e  h a s  b e e n  
e s t a b l i s h e d  o f  a r e g i o n  o f  w e a k  w i n d s  up  t o  a l e v e l  o f  2 4  - 2 6  km. 
Above t h i s  l e v e l  t h e  w i n d  i n c r e a s e s  w i t h  a l t i t u d e .  O v e r  t h e  C e n t r a l  

f: Numbers  i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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A t l a n t i c  a n  a n t i c y c l o n e  summer t y p e  of c i r c u l a t i o n  i n  t h e  s t r a t o -  
s p h e r e  e n c o m p a s s e s  n o t  o n l y  t h e  e n t i r e  summer h e m i s p h e r e ,  b u t  a l s o  
a c o n s i d e r a b l e  p a r t  (15-20O l a t i t u d e )  o f  t h e  w i n t e r  h e m i s p h e r e .  
T h i s  p r o c e s s  o f  i n t r u s i o n  may be  one o f  t h e  m e c h a n i s m s  for t h e  e x -  
c h a n g e  of  a i r  b e t w e e n  t h e  h e m i s p h e r e s  i n  t h e  s t r a t o s p h e r e  [ 2 ] .  

We m u s t  a l s o  c i t e  t h e  work o f  t h e  l a r g e  number  o f  a u t h o r s  who 
a r e  a s s o c i a t e d  w i t h  t h e  C e n t r a l  A e r o l o g i c a l  O b s e r v a t o r y  [ll a n d  t h e  
a r t i c l e  by  M . N .  I z a k o v ,  G . A .  K o k i n ,  Yu.V. K u r i l o v a ,  N.S. L i v s h i t s  
a n d  I . A .  K h v o s t i k o v  [ 3 , 4 1 .  I n  t h e s e  p a p e r s  a n  a n a l y s i s  w a s  made o f  
t h e  s p a c e  a n d  t i m e  v a r i a t i o n s  o f  t h e  t e m p e r a t u r e .  The  a n a l y s i s  
s h o w e d  t h a t  i n  t h e  l o w e r  s t r a t o s p h e r e ,  i n  t h e  t e m p e r a t e  a n d  p o l a r  
l a t i t u d e s ,  t h e  t e m p e r a t u r e  i s  maximum a t  t h e  b e g i n n i n g  o f  J u l y  a n d  
minimum i n  December  - J a n u a r y .  Above 30 km t h e r e  i s  a n o t i c e a b l e  
s h i f t  i n  t h e  maximum i n  t h e  t e m p e r a t e  l a t i t u d e s  i n  S p r i n g  a n d  i n  
t h e  p o l a r  l a t i t u d e s  i n  J u n e .  

/ 4  - 

O v e r  t h e  P a c i f i c  Ocean  i n  t h e  u p p e r  s t r a t o s p h e r e ,  i n  c o n t r a s t  
t o  t h e  l o w e r  s t r a t o s p h e r e ,  t .he h o r i z o n t a l  t e m p e r a t u r e  g r a d i e n t  i s  
p o s i t i v e  ( t h e  n o r t h  i s  c o l d e r  t h a n  t h e  s o u t h ) .  

I n  t h e  p o l a r  l a t i t u d e s  o f  t h e  n o r t h e r n  h e m i s p h e r e ,  u n l i k e  t h e  
s o u t h e r n  h e m i s p h e r e ,  l o n g i t u d i n a l  d i f f e r e n c e s  i n  t e m p e r a t u r e  a r e  
o b s e r v e d  i n  t h e  u p p e r  s t r a t o s p h e r e ,  w h e r e  a d i s t i n c t i o n  e x i s t s  i n  
t h e  t e m p e r a t u r e  f i e l d s  o f  t h e  A r c t i c  a n d  t h e  A n t a r c t i c .  The  z o n -  
a l i t y  o f  t h e  t e m p e r a t u r e s  i n  t h e  A n t a r c t i c  a n d  i t s  b r e a k d o w n  i n  t h e  
A r c t i c  c a n  b e  e x p l a i n e d  by  t h e  s t a b i l i t y  o f  t h e  c i r c u m p o l a r  v o r t e x  
o f  t h e  s o u t h e r n  h e m i s p h e r e  i n  w i n t e r  a n d  t h e  i n s t a b i l i t y  o f  t h e  vor- 
t e x  o f  t h e  n o r t h e r n  h e m i s p h e r e  w i t h  w h i c h  t h e  w i n t e r  a n o m a l o u s  
h e a t i n g  o f  t h e  s t r a t o s p h e r e  i s  a s s o c i a t e d  C3,  4 3 .  B a s e d  on  t h e  
r o c k e t  d a t a ,  on Hess I s l a n d  ( F r a n z - J o s e f  L a n d )  t h e  s u d d e n  h e a t i n g  
w a s  o b s e r v e d  i n  J a n u a r y  - F e b r u a r y  1 9 6 0  a n d  1 9 6 1 .  

From t h e  r e s u l t s  o f  r o c k e t  l a u n c h i n g s  d u r i n g  t h e  I G Y  t h e  
c u r v e s  o f  t h e  v e r t i c a l  t e m p e r a t u r e  d i s t r i b u t i o n  were c l a s s i f i e d  u p  
t o  a n  a l t i t u d e  o f  5 0  km for t h e  p o l a r ,  t e m p e r a t e  a n d  t r o p i c  l a t i -  
t u d e s  o f  t h e  n o r t h e r n  a n d  s o u t h e r n  h e m i s p h e r e s .  T h e  e x i s t e n c e  o f  
f o u r  t y p i c a l  c u r v e s  o f  s t r a t i f i c a t i o n  h a s  b e e n  e s t a b l i s h e d  C 3 ,  4 1 .  

The  w i n t e r  m e a s u r e m e n t s  o f  t h e  t e m p e r a t u r e  on Hess I s l a n d  i n -  
d i c a t e  t h e  e x i s t e n c e  o f  a s t a b l e  t e m p e r a t u r e  i n v e r s i o n  i n  t h e  u p p e r  
s t r a t o s p h e r e  d u r i n g  t h e  e n t i r e  p o l a r  n i g h t .  S i n c e  t h e  l o n g - w a v e  
r a d i a t i o n a l  b a l a n c e  o f  t h e  s t r a t o s p h e r e ,  20-50  km t h i c k  a t  t h e  
p o l a r  l a t i t u d e s ,  i s  n e g a t i v e ,  t h e  a i r  m u s t  b e  c o o l e d  a t  t h e s e  a l t i -  
t u d e s  d u r i n g  t h e  p o l a r  n i g h t .  The q u e s t i o n  a r i s e s  a s  t o  p o s s i b l e  
r e a s o n s  f o r  t h e  h e a t i n g  o f  t h e  a i r  i n  t h e  u p p e r  s t r a t o s p h e r e  o f  
t h e  p o l a r  l a t i t u d e s  d u r i n g  t h e  p o l a r  n i g h t .  For t h i s  p u r p o s e  we 
f i r s t  l o o k e d  a t  s e v e r a l  c i r c u l a t i o n  m e c h a n i s m s  a n d  t h e  p o s s i b l e  
i n f l u e n c e  o f  t h e  c o r p u s c u l a r  r a d i a t i o n  f r o m  t h e  Sun [ 4 1 .  

Data  c o n c e r n i n g  t h e  w i n d  i n  t h e  n o r t h e r n  h e m i s p h e r e  show t h a t  
t h e  s e a s o n a l  r e o r g a n i z a t i o n  b e g i n s  a t  s e v e r a l  l a t i t u d e  z o n e s  a t  
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high altitudes. In Spring this is the onset of easterly winds at 
high altitudes (about 50 km); with the passage of time they "creep" 
down. There simultaneously exists an increase in the frequency of 
the easterly winds at altitudes of 25-35 km. Thus the reorganiza- 
tion begins simultaneously upward and downward. In Fall the wester- 
ly wind "creeps" upward from below and the "ascent" of the westerly 
winds from the lower tropospheric levels is less distinctly visible. 
The seasonal change in circulation agrees well with the simultaneous 
rocket measurements of temperature C3,41. 

The articles cited above E l - 4 1  do not encompass all questions 
and problems arising in analyzing rocket measurements, carried out 
in the USSR during the IGY. This collection is intended to signif- 
icantly supplement these results and to basically conclude the pub- 
lication of materials obtained in connection with the fulfillment 
of the IGY. 

The contents of this collection are divided into two parts. 
In the first part for the first time are published the complete 
tables of all rocket measurements conducted during the IGY (July 
1957 - December 1959). In the tables are given the measured values 
of temperature and pressure every 1 km and also the values of the 
altitudes of the major isobar surfaces and temperatures on these 
surfaces. The articles are prefaced with an article by I.S. Skura- 
tova containing a brief description of the pressure and temperature 
gauges, the radiotelemetric line and the calibration of the gauges 
prior to rocket launch. In addition, a method is discussed in this 
article for interpreting the rocket measurements of temperature and 
pressure and brief information is given concerning the accuracy of 
the method. 

In the second part of the collection are published four art- 
icles. In one of these articles the problem discussed above con- 
cerning the temperature stratification of the atmosphere is analyzed /5 
in greater detail (the article by Kurilova, Yu.V. and Khvostikov, 
I.A. "Classification of the Temperature Stratification of the At- 
mosphere up to Altitudes of 45 km"). 

- 

In the article by L.A. Ryazanova, "Features of the Temperature 
Regime of the Layer at 25-50 km", the pecularities of the diurnal 
and annual temperature path are analyzed for the polar and the 
temperate zones with the selection of two layers: the lower from 
25 to 35 km and the upper from 35 to 50 km. Certain data are given 
on the interdiurnal variability of the temperature. 

Finally in the article by A.A. Petrov and L.A. Ryazanova, 
"Three Cases of Sudden Heating of the Arctic Stratosphere", cases 
of sudden heating of the stratosphere are analyzed from rocket data 
on Hess Island. 

3 
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METHODS OF MAKING MEASUREMENTS AND I NTERPRETI PIG THE 
METEOROLOGICAL PARAMETERS OF THE ATMOSPHERE 

US I NG ROCKETS 
I . S .  S k u r a t o v a  

A B S T R A C T :  T h i s  a r t i c l e  p r e f a c e s  t h e  t a b l e s  of 
d a t a  f r o m  r o c k e t  p r o b e s  of t h e  a t m o s p h e r e .  Data 
a r e  c i t e d  on t h e  i n s t r u m e n t s  employed  i n  t h e  i n -  
v e s t i g a t i o n  and t h e  methods  u s e d  t o  i n t e r p r e t  
t h e s e  d a t a .  Formulas  a r e  g i v e n  f o r  c o m p u t i n g  
t h e  p r e s s u r e  and t e m p e r a t u r e .  

M a t e r i a l s  p u b l i s h e d  i n  t h e  t a b l e s  o f  t h i s  c o l l e c t i o n  h a v e  b e e n  /6:”E 
o b t a i n e d  a s  a r e s u l t  o f  m e a s u r e m e n t s  c a r r i e d  o u t  by  means  o f  m e t e -  
o r o l o g i c a l  r o c k e t s ,  whose  m e a s u r i n g  a p p a r a t u s ,  a s  w e l l  a s  t h e  m e t h o d  
of  p r o b i n g  a n d  i n t e r p r e t i n g  t h e  m e a s u r e m e n t  r e s u l t s ,  h a v e  b e e n  d e -  
v e l o p e d  i n  t h e  C e n t r a l  A e r o l o g i c a l  O b s e r v a t o r y  o f  t h e  C e n t r a l  B o a r d  
o f  t h e  H y d r o m e t e o r o l o g i c a l  S e r v i c e .  A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  
m e t h o d  o f  r o c k e t  p r o b e s  h a s  b e e n  g i v e n  i n  C1-61 .  Below w e  c i t e  
b r i e f  d a t a  on  t h e  m e a s u r i n g  i n s t r u m e n t s  o f  t h e  r o c k e t  a n d  t h e  m e t h o d  
u s e d  t o  i n t e r p r e t  t h e  d a t a .  

The p r e s s u r e  w a s  m e a s u r e d  b y  a membrane r h e o s t a t  c o u n t e r  i n  
a r a n g e  f r o m  760 t o  1 0  mm Hg a n d  by a t h e r m a l  m a n o m e t e r  o f  P i r a n i  
t y p e  f r o m  5 t o  1 0  mm Hg. The t h e r m a l  m a n o m e t e r s  p o s s e s s  a h i g h  
s t a b i l i t y  o f  r e s p o n s e .  T h e i r  t i m e  l a g ,  w h i c h  i s  i n s i g n i f i c a n t  a t  
l o w  a l t i t u d e s ,  w a s  t a k e n  i n t o  a c c o u n t  a t  h i g h  a l t i t u d e s  b y  i n t r o -  
d u c i n g  t h e  p r o p e r  c o r r e c t i o n s .  The m a n o m e t e r s  were  c a l i b r a t e d  f o r  
t e m p e r a t u r e  a n d  p r e s s u r e .  D u r i n g  t h e  f l i g h t  t h e  t e m p e r a t u r e  o f  
t h e  m a n o m e t e r  w a l l s  w a s  m e a s u r e d .  The d r a i n a g e  o p e n i n g s  f o r  t h e  
P i r a n i  m a n o m e t e r s  w e r e  p l a c e d  a t  a d i s t a n c e  o f  6 . 5  c a l i b e r s  f r o m  
t h e  e n d  o f  t h e  n e e d l e  a t  d i a m e t r i c a l l y  o p p o s e d  p o i n t s  o f  t h e  r o c k e t  
s u r f a c e ;  t h e  d r a i n a g e  o p e n i n g s  for t h e  MRD i n s t r u m e n t s  w e r e  p l a c e d  
a t  a d i s t a n c e  o f  9 . 3  c a l i b e r s  f r o m  t h e  e n d  o f  t h e  n e e d l e .  The  
a r r a n g e m e n t  o f  t h e  d r a i n a g e  o p e n i n g s  o f  t h e  m a n o m e t e r s  i s  s u c h  t h a t  
t h e  a e r o d y n a m i c  e r r o r s  i n  m e a s u r i n g  t h e  p r e s s u r e  a r e  m i n i m a l .  

I n  t h e  m i d d l e  p a r t  o f  t h e  n e e d l e  a r e  p l a c e d  f o u r  t u n g s t e n  r e -  
s i s t a n c e  t h e r m o m e t e r s  f o r  m e a s u r i n g  t h e  t e m p e r a t u r e  o f  t h e  a t m o s -  
p h e r e .  The  t h e r m o m e t e r s  a r e  a t t a c h e d  on  i n s u l a t e d  c o r n e r  p l a t e s  
a t  a s m a l l  d i s t a n c e  f r o m  t h e  s u r f a c e  of t h e  n e e d l e .  When t h e  r o c k -  
e t  m o v e s ,  t h e  t h e r m o m e t e r s  a r e  w a s h e d  w i t h  a s t r e a m  o f  a i r .  They  
h a v e  s t a b l e  c h a r a c t e r i s t i c s ,  g r e a t  s t r e n g t h  a n d  h i g h  s e n s i t i v i t y .  

$e Numbers  i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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I n  a d d i t i o n ,  a u x i l l i a r y  r e s i s t a n c e  t h e r m o m e t e r s  a r e  i n s t a l l e d  w h i c h  
me'asure t h e  t e m p e r a t u r e  o f  t h e  n e e d i e  a t  t h e  i n n e r  e n d s  o f  t h e  s u p -  
p o r t i n g  c o r n e r  p l a t e s ;  t h i s  m e a s u r e m e n t  i s  e s s e n t i a l  i n  o r d e r  t o  
t a k e  i n t o  a c c o u n t  t h e  e f f e c t  o n  t h e  r e a d i n g  o f  t h e  t h e r m o m e t e r s  
f r o m  r a d i a t i o n  f r o m  t h e  n e e d l e  a n d  t h e  h e a t  e x c h a ' n g e  t h r o u g h  t h e  
s u p p o r t i n g  s y s t e m .  

The t h e r m o m e t e r s  a n d  t h e  m a n o m e t e r s  w e r e  c o n n e c t e d  a c c o r d i n g  
t o  t h e  c i r c u i t  o f  a n  u n b a l a n c e d  W i n s t o n  b r i d g e  a n d  t h e i r  r e a d i n g s  
w e r e  t r a n s m i t t e d  t o  E a r t h  by means  o f  a r a d i o t e l e m e t r i c  l i n e .  

The r a d i o t e l e m e t r i c  l i n e  c o n s i s t s  o f  a m e c h a n i c a l  c o m m u t a t o r ,  
a t r a n s m i t t e r ,  a r a d a r  r e s p o n d e r ,  a n  a n t e n n a  s y s t e m ,  p o w e r  s o u r c e s  
a n d  a r e c e i v i n g  i n s t r u m e n t  on E a r t h .  The c o m m u t a t o r  h a s  6 0  commu- 
t a t o r  b a r s  a n d  a c o m m u t a t i o n  i n t e r v a l  o f  5 s e c .  The v o l t a g e  i s  
t a k i n g  f r o m  t h e  c o m m u t a t o r  b a r s  by  a s y s t e m  o f  b r u s h e s  a n d  f e d  t o  
t h e  i n p u t  o f  t h e  r a d i o  t r a n s m i t t e r  whose  f r e q u e n c y  v a r i e s  i n  ac -  
c o r d a n c e  w i t h  t h e  c h a n g e  i n  t h e  v o l t a g e  f e d  t o  i t .  I n  t h e  r a d i o -  
t e l e m e t r i c  l i n e  a t i m e  r e s o l u t i o n  o f  c h a n n e l s  i s  u s e d ,  t h e  t r a n s -  
m i s s i o n  i s  c a r r i e d  o u t  b y  means  o f  f r e q u e n c y  m o d u l a t i o n .  The r e -  
c e i v i n g  i n s t r u m e n t  o f  t h e  r a d i o t e l e m e t r i c  l i n e  c o n s i s t s  o f  a s h o r t -  / 7  
wave r a d i o  r e c e i v e r  a n d  a w i d e - a n g l e  a t t a c h m e n t ,  c o n t a i n i n g  a 
s y s t e m  o f  a u t o m a t i c  f r e q u e n c y  t u n i n g .  The s c r e e n  o f  t h e  c a t h o d e -  
r a y  t u b e  of t h e  w i d e - a n g l e  a t t a c h m e n t  i s  p h o t o g r a p h e d  on m o t i o n  
p i c t u r e  f i l m ,  m o v i n g  p e r p e n d i c u l a r  t o  t h e  l i n e  o f  r e s o l u t i o n  o f  t h e  
t u b e .  

- 

A t  t h e  b e g i n n i n g  o f  e a c h  c y c l e  o f  o p e r a t i o n  o f  t h e  c o m m u t a t o r ,  
c o n t r o l  s i g n a l s  a r e  t r a n s m i t t e d  f rom a s p e c i a l  b r i d g e  o f  h i g h l y  
s t a b l e  r e s i s t o r s  t h u s  p e r m i t t i n g  t h e  n o n l i n e a r i t y  o f  t h e  r a d i o t e l e -  
m e t r i c  l i n e  c h a r a c t e r i s t i c s  a n d  t h e  i n s t a b i l i t y  o f  i t s  o p e r a t i o n  t o  
b e  t a k e n  i n t o  a c c o u n t .  

B e f o r e  t h e  b e g i n n i n g  o f  t h e  l a u n c h  t h e  e n t i r e  m e a s u r i n g  a p p a -  
r a t u s  o f  t h e  r o c k e t  i n  t h e  c h o s e n  f o r m  g o e s  t h r o u g h  a c o n t r o l  c h e c k -  
o u t .  U s i n g  a P P T V - 1  p o t e n t i o m e t e r  t h e  o u t p u t  v o l t a g e s  o f  t h e  g a u g e s ,  
as  w e l l  a s  t h e  r e c o r d i n g  o f  s i g n a l s  t h r o u g h  t h e  r a d i o t e l e m e t r i c  
l i n e ,  a r e  m e a s u r e d .  The v a l u e s  o b t a i n e d  a r e  c o m p a r e d  w i t h  t h e  c a l -  
i b r a t i o n  c u r v e s .  A d i s c r e p a n c y  no  g r e a t e r  t h a n  l m V  f r o m  t h e  c a l i -  
b r a t i o n  c u r v e s  i s  a l l o w a b l e .  

A l l  t h e  m e a s u r i n g  a p p a r a t u s  a r e  c o n c e n t r a t e d  i n  t h e  n o s e  p a r t  
o f  t h e  r o c k e t .  A t  a g i v e n  a l t i t u d e  t h e  n o s e  p a r t  o f  t h e  r o c k e t  i s  
s e p a r a t e d  a n d  d e s c e n d s  by  p a r a c h u t e .  The m e a s u r e m e n t s  o f  t h e  t h e r m -  
o d y n a m i c  p a r a m e t e r s  o f  t h e  a t m o s p h e r e  a r e  made b o t h  d u r i n g  a s c e n t  
a n d  d u r i n g  d e s c e n t ,  b u t  for t h e  b a s i c  d a t a  t h e  r e s u l t s  o f  m e a s u r e -  
m e n t s  o b t a i n e d  d u r i n g  d e s c e n t  a r e  u s e d .  

The  p r e s s u r e  i n  t h e  f r e e  a t m o s p h e r e  was c o m p u t e d  f r o m  t h e  p r e s -  
s u r e  m e a s u r e d  by  t h e  m a n o m e t e r s  by means o f  t h e  f o l l o w i n g  e q u a t i o n :  

6 



I - - 
l a  

1.874(;) I 
where n= 1 %  1 a ; /  P, is the pressure in the free atmosphere; 

P o ,  is the pressure inside the manometer; T m  is the temperature of 
the free atmosphere; 7'0 is the temperature of the manometer walls; 
M, is the Mach number; r is the thermal coefficient of restitution 
of the manometric attachment; F is the coefficient of the pressure 
of the manometer; 2 is the lengfh of the free path of the air mole- 
cules; r o  is the radius of the intake tube of the manometer. 

1 -I- 3,494 (r , )  +3,748 ( T O )  

- 
The values of K,, r ,  Pa and 2 depend on the temperature of the 

free atmosphere. In computing the pressure we used the values of 
the temperature measured by the resistance thermometers. If tem- 
perature measurements for some reason were lacking, then in comput- 
ing the pressure in the free atmosphere we used the method of suc- 
cessive approximations. If we assume that in zero approximation 
the pressure varies with altitude according to the barometric for- 
mula and if we use the formula, 

(where M is the molecular weight of the air; g is the acceleration 
of the force of gravity; R is the universal gas constant; and z is 
the altitude) we find the temperature in zero approximation. If we 
use the zero approximation of the temperature we can compute the 
values of M,, r ,  Pa and 2. If we use these values according to (l), 
we can compute the pressure in first approximation, etc. The compu- 
tations are made as long as the approximations do not converge. 
The dependence of the thermal coefficient of restitution on the 
Mach number (M,) and the Reynolds number ( R , )  was studied experi- 
mentally and represented in the form of a family of curves according 
to which the computation was made. The coefficient of pressure of 
the thermal. manometer depends on the number M, and on the angle of 
attack a. This dependence was determined theoretically and experi- 
mentally. 

/ 8  - 

The computation of the temperature environment accopding to 
the temperature measured by the thermometer, is made according to 
the following formula: 
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where T ,  is the temperature of the environment; T is the tempera- 
ture of the filament of the thermometer; r is the thermal coeffi- 
cient of restitution; y is the ratio of the heat capacities; R is 
the gas constant for the air; v is the velocity of the flight ?f 
the rocket; pf is the density of the filament material of the ther- 
mometer; cf is the specific heat capacity of the material of the 
thermometer; W is the size of the thermometer; h is the coefficient 
of heat capacity; 5' is the area of the thermometer surface; k is 
the time; € 1  is the coefficient of absorption by the thermometer 
of the short-wave solar radiation; €2 is the coefficient of absorp- 
tion by the thermometer of the long-wave radiation from the Earth 
and the atmosphere; € 3  is the radiation coefficient from the thermo- 
meter; Q s  is the stream of solar radiation; @ E  is the current of 
long-wave radiation from the Earth and the atmosphere; wsw is the 
reflection coefficient of the short-wave radiation by the needle; 
w l w  is the reflection coefficient of the long-wave radiation by the 
needle; 0 0  is the Stefan-Boltzmann constant; Tn is the temperature 
of the needle; Q 1  is the Joule heat, liberated by the current of 
the electrical measuring circuit in the thermometer; + is the func- 
tion of heat exchange through the supporting system; Ti is the tem- 
perature of the inner end of the corner plates of the thermometer; 
Te is the equilibrium temperature; Kf is the coefficient of thermal 
conductivity of the thermometer filament; d is the diameter of the 
thermometer and is the length of the thermometer. 

f 

To determine the coordinates of the rocket during flight either 
radar or motion picture theodolite tracking was employed. 

As a result of launching the rocket and interpreting the re- 
sults of the measurements, data have been obtained concerning the 
altitude distribution of air pressure and temperature. Since the 
measurements of the temperature and pressure are independent, the 
temperature may then be computed from the pressure and, vice versa, 
the pressure may be computed from the temperature. Consequently, 
the method permits carrying out mutual control of temperature and 
pressure, o r  computing one parameter from the other when no data 
from direct measurements are available. 

A study was made of the accuracy of this method of rocket 
probing of the atmosphere. The mean square error in the determina- 
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t i o n s  o f  t e m p e r a t u r e  was 2 O  i n  t h e  a l t i t u d e  r a n g e  f r o m  1 0  t o  30 km, 
f& 4 0  k m  t h e  error was 3 O ,  f o r  5 5  k m ,  8 O  a n d  f o r  7 0  km, 1 2 O .  The 
mean s q u a r e  e r r o r  i n  d e t e r m i n g  t h e  p r e s s u r e  i s  4 % .  

I n  t h e  t a b l e s  p u b l i - s h e d  b e l o w ,  t h e  f o l l o w i n g  d e f i n i t i o n s  a r e  
u s e d :  

H i s  t h e  a l t i t u d e  ( i n  k m ) ;  T i s  t h e  t e m p e r a t u r e  ( i n  d e g r e e s  o f  
a b s o l u t e  s c a l e ) ;  P i s  t h e  p r e s s u r e  ( i n  m b ) .  

The  t i m e  o f  l a u n c h i n g  t h e  r o c k e t  i s  g i v e n  i n  s t a n d a r d  t i m e .  
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TABLES OF DATA FROM ROCKET PROEES OF THE ATMOSPHERE 

T h e  m a t e r i a l s  f r o m  t h e  p r o b e s  h a v e  b e e n  p r e p a r e d  b y  a c o m m i s -  
s i o n  c o n s i s t i n g  o f :  I . A .  K h v o s t i k o v ,  C h a i r m a n ,  Cand.  f o r  P h y s .  
M a t .  Sc .  M . N .  I z a k o v  ( V i c e  C h a i r m a n ) ,  Cand.  P h y s .  M a t .  S c .  A . I .  
I v a n o v s k i y ,  Cand.  P h y s .  M a t .  Sc.  G . A .  K o k i n ,  Cand.  G e o g r a p h .  S c .  
Yu.V. K u r i l o v a ,  Cand.  T e c h .  S c .  N . S .  L i v s h i t s ,  C a n d .  P h y s .  M a t . S c .  
A . A .  P e t r o v ,  Cand.  G e o g r a p h .  S c .  L . A .  R y a z a n o v a ,  I . S .  S k u r a t o v a ,  
S e c r e t a r y ,  K .  Ye. S p e r a n s k i y  a n d  Z . I .  K h r a m o v a .  
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TABLES 
O F  D A T A  F R O M  R O C K E T  P R O B E S  ON F R A N Z - J O S E F  L A N D  ( H E S S  I S L A N D )  

I N  1 9 5 7  - 1959  
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,November 4 ,  19571 

Rogket Launch/ - 

Stamtdrd Levels1 

T-gJ - --- --a - -  

m w - m  1 
i_ 

L, - 
T 

~ 

P H - 
23,2 

' 24.3 
25,7 
27.5 
30.0 
34.5 
40,7 

f l a i n  Isobar Surfaces 
___ --- - -- 

30 
25 
20 
15 
10 
5 
2 

214 
216 
216 
213 
213 
227 
237 

- 
t - 
257 
250 
245 
238 
232 
228 
222 
222 
225 
225 
225 
224 
224 
223 
220 
219 
218 
218 
216 
217 
215 
214 
216 
215 
216 
213 
213 
214 
213 
214 
215 
22 1 
226 
226 
226 
231 
234 
234 
236 
238 
242 
243. 
7 - 

A 
P - 

' 767 
668 

. 507 
44 1 
384 
327 

,582 

H 2.8 
5 1  
6,5 
8,4 

10,8 
12,4 
14.6 
16.8 
18,7 
21.6 

' 22,8 
24.0 
27.5 
28.2 
32.5 
38.3 

- .  - _  

700 
500 
400 
300 
200 
1 t50 
100, 
70 
50 
30 
25 

' i  ! 2 

240 
232 
229 
216 
214 
214 
21 1 
206 
205 
196 
197 
199 
199 
204 
212 
236 

- .... 

2 
3 
4 
5 
6 
7 
S 
9 

10 
11 
12 
13 
14 
I5 
16. 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

December 1 6 ,  1957 
, 278 
237 Time of  Rocket L.aun 

08 h 35 m 202 
176 
150' ~ 

127 
11 1  
92.2 
80,4 
68,4 
58,l 
49.6 
43.2 
35.8 
31.2 
26.7 
22,l 
19.2 
16,4 
14.0 
11,9 
10,l 
8.61 
7,33 
6.38 
5.42 
4.62 
4,U2 
3.51 
2 98 
2.60 
2.21 
1.92 
1.68 
1.49 

;es -1 
T 

- 
H T P - 

785 
684 
595 
507 . 
431 
376 
320 
272 
232 
197 
160 
133 
111 
94,4 
80.3 
66.8 
56,9 
47.3 
39.3 
32.7 
27.8 
23.7 
20.2 
17,2 
14,G 
12,4 
,10,3 

8,81 
7,49 
6,38 
5,43 
4.52 
3.84 
3,27 
2,78 
2.43 
2,11 
1,84 
1,61 
1,40 
1,24 
1,lO 

2 ,  
3 
,4 
5 
6 
7 
8 '  
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 ' 

239 
238 
237 
233 
233 
227 
217 
213 
213 
214 
212 
214 
209 
209 
207 
204 
205 
204 
202 
196 
198 
'197 
199 
20 1 
203 
199 
199 
204 
204 
205 
209 
215 
220 
22 1 
228 
230 
234 
240 
247 
251 
257 
267 

H I 

1 I. i 

220 254 
i 220 22 1 

218 1 76 
153 1 216 

1 
214 127 
218 1 1 1  

1 213 94,4 
213 80.4 
213 G6.8 i 

56,9 I 212 
212 48,4 I 

I 211 . 41,2 
35,l I 21 I 

21 1 29,O 
21 I 25.3 

22.1 I 21 1 
18,4 I 21 I 
15.7 I 212 

214 13.3 
216 , 11.3 
213 9,88 I 

1; 
I 
I 

10 
11 
12 
13 
14 
15 
16 
17 - 
18 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
28 
29 
30 .- H i j  n 

'i I sobar Sur 
'- 

P - 
500 
400 
300 
200 
150 
100 
70 
50 

- 
H 

5.1 
' 6.6 
8.6 

11.1 
13.0 
15.5 
17,9 
20.0 

- P 

233 
230 
224 
226 
224 
222 
218 
216 

200 
150 
100 
70 
53 
30 

.25 
20 
15 
10 

11,2 219 
13,l 215 
15.5 213 
17.8 213 
19.8 21 1 
23.0 21 1 
24.0 21 1 
25,4 21 1 
27,3 213 
29.8 213 
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. 
i- 

T i  

1 3  



P 

9 228 ' 

10 228 . 
I1 227 . .  
12 226' I 

13 224 
I4 223 
15 223 
16 2'12 
17 223 
18 nl 

272 
232 
197 
168 
143 
122 
104 

. H  
7 

11 ' 
12 
13 
14 

I 15 
16 
17 

. 1s 
19 
2u 
21 
22 
23 
24 
25 
26 , . 

I 1 

I -  

216 ' 221 
21 9 184 ,. 220 1 60 
226' 140 ' 

227 116 
230 101 
231 ' 86,l 
228 75.0' 
229 6 5 3  

. n3 55,6 
228 47.3 
224 41.2 
226 35. 
227 30, 
230 2% 
234 2% 

27 233 
28 239 
29 237 
80 239 
81 240 
32 241 

37 249 
38 251 
39 258 
40 270 
41 287 

19,3 
16.4 1 
12.4 I 
14.6 i 

500 400 I 75:; I 

----.--__ _ _  . 
1 

Standard I ?v<l-&- auZhl 

H 1 ' T  

4 265 
5 259 
.6 ,253, It 
7 249 
8 239 ' 
9 234 

228 
11 
lo 

235 
12 233 
J3 
14 
15 
16 
I7 
18 
19 

239 
238 
238 
238 
237 
238 
238 

- $. 
P 

160 
143 
124 
106 
92.2 
78.5 
73,2 
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. 
t 

25 
26 
27 
28 
29 
30 
31 
32 
33 

I -  . 

/19 

h l  

213 
214 
213 
213 
21 5 
219 
217 
216 

, 216 - .- - _  

- 
Ii - 
23 
24 
25 ' 

.26 
27 
28 
29 
30 
31 
32 
33 
34 
35 . 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

238 
24 1 
239 
239 
242 
244 
246 
245 
244 . 
244 
245 
243 
246 
248 
251 
253 
257 
266 
269 
268 
270 
273 
280 

37,6 
32,7 
27,s 
24,3 
20.6 
18.0 
16.4 
14.3 

* 12,7 
11,l 
9.88 
8,61 
7,67 
6.53 
5.69 
4.73 
4.12 
3.67 
3.35 
3.12 
2.78 
2.43 
2.16 

300 
200 
150 . 
100 
70 
50 
30 
25 
20 
15 
10 
5 

9 . 0 .  
11,6 
13.5 
16,4 
19,o 
21,4 
24.9 
2G, 1 
27,9 
29.9 
32,G 
3 8 9 0  

26,s 
28,2 
30,s 
33.8 . 
38,8 

239 
242 
246 
245. 
253 

H ' T , /  p I 
28 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

29 \ 
19 ,'7 
16.8 
14,6 
13.0 
10.8 
9.88 
8.41 
7,32 
6,53 
5.56 
4.95 
4.41 

247 
248 
249 
25 I 
245 
245 . 
249 

. 251 
251 
254 

22.1 
19,3 
16,4 
14.0 
11,9 
10.3 
8.61 
7.32 
6,24 

'Main Isobar Surfaces 
6' ' 

P I H I  
P I H I  

232 
239 
238 
239 
240 
239 
238 
239 
247 
249 
245 
260 

- 
P H I ' T  

400 
300 
200 
150 
100 
70 
50 
30 
25 
20 

, 15 
10 
5 

:. 7.9 
10,o 
12.5 
14.7 
17,4 
19.8 
22,o 
25.5 

239 
228 

, 237 
237 
239 
237 
243 
240 

H T I  P 

785 
684 
569 
519 
473 
421 
3.5 1 
299 
2GO 
221 
171 
168 , 

147 
127 
108 
85.1 
80.2 
66,s 
55,6 
48,4 
41,2 
Z5.1 
29,s 
25.4 

2 
3 
4 
5 
6 
7 
8 h/ ;! 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

_I 

P 

- 
1: - 
261 
254 
247 
243 
,238 
23 1 
22s 
231 
237 
236 
241 
237 
237 
239 
239 
239 
238 
239 
244 

4 
r 

6 l .  
7 
S 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

595 
53 1 
484 
472 
393 
335 
298 
254 
216 
176 
164 
140 
122 
108 
94,4 
80.4 
66,s 
56.7 
49,5 

220 
219 
217 
216 
214 
219, 
219 
216 
21 1 
208 
208 

8 207 

16 



1 4. I I H  I T 
I 
i / 2 0  

I 1 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 ' 
37 
38 

I 31 213 
32 ' 216 
33 219 
34 219 ' I  

206 
20s 
21 16 
207 
208 
209 
210 
21 1 
21 1 
21 8 
222 
227 
237 

32 212 5.31 
33 213 4.52 
34 216 3.93 
35 218 3.51 
36 221 3.05 

22.1 

13.3 
10.8 
8,81 
7.32 
6.68 
5,95 
5.31 
4.41 
3.67 
3,05 l\i 

2: 

- 
H 

219 
5.3 
7.2 
9.1 

11.6 
13,9 
16,5 
18.8 
20,9 
24.0 
25.3 
26,s 
2893 
30.4 
35.3 

- 

-__ - 

P T 70 
50 
30 
25 
20 
15 
10 
5 
2 

17,3 
19,5 
22,5 
23,9 
25,2 
26 9 
28,4 
32.5 
39.5 

~ 

700 
500 
400 
300 
200 
150 
100 
70 
50 
30 
25 
20 
15 

' 10 
3 

\ 
214 
218 
216 
208 _. 

E " 
'206 

208 
213 

&_I- - mr- 
O c t o  

Q*:da 

I ,21 
mi6 . -_.._ 

H - 
6 
7 
8 ,  
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

i@iiiw * .  

P 

' 733 
,638 
556, 
484 
421 
359 
299 
260 
22 1 
192 
I68 
147 
122 
108 

I 

T J H  

' 2  3 L * 

225 
219. 
215 
218 
217 
219 
219 
21 7 
215 
215 
211 m 
208 
210 
208 
207 
207 
208 
210 
21 1 
206 
206 
205 

. P' T - 
225 

' 223 
218 
215 
215 
214 
215 
217 
215 
216 
21 1 
213 
21 1 
210 
210 
21 1 
210 
210 
210 
209 
210 
21 1 
212 
212 
212 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

27s 
232 
184 

-' 160 

- 
T 

_I 

H P 

90,l 
73.2 
60,9 
53,l  
47.3 
40.3 
33,s 
27,2 
24.3 
20,6 
17.6 
14,3 
11,l 
9.22 
7,85 
6,38 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

206 
208 
207 
207 
208 
208 
204 
205 
208 
209 
209 
209 

209 
2io 
21 1 

\ 208 

17 



,- 

I I 

850 1.2 
7u0 2.6 
500 5.1. 
400 6.4 

~ 300 893 217 

700 
500 
400 
300 
200 
ltio 

' 2,4 
4,9 
6.4 
8.1 

10.8 
12.9 

259 
244 
232 
225 
2 19 
226 ' 

Standal  - 
H - 
6 
7 
8 
9 

10 
11 
12 
13 
14 
I5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28. 
29 
.30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

T - 
227 
221 
216 
216 
21 8 
2B 
219 
218 
217 
2k3 
212 
21 1 
209 
207 
205 
206 
2d6 
205 
207 
208 
205 
204 
204 
205 
207 
210 
215 
222 
230 
234 
235 
236 
237 
237 
237 
237 
23% 
241 

P - 
403 
367 
335 
279 
243 
197 
172 
146 
124 
104 
86, l  
74,9 ' 
66.8 
5 5 6  
48 4 
41.2 
35.1 
28.5 
23.2 
(9.3 
16.0 
13.3 
11.3 
9 .@ 
8.03 
6.99 
6.09 
5.31 
4.52 
3,84 
3.20 
2.92 
2.54 
2.16 
1.93 
1.60 
1 , s  
1.1% 

Standard"' - 
H 
r 

10 
11 
12 
13 
14 . 
15 
16 
I7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 ..a&. ? 

3 4  
35 
36 
37 
38 
39 
40 
41 
42 
43 
M 

T 
* 

226 
2 15 
230 
219 ' 
213 
210 . 
206 
205 * 

204 
209 
203 
204 
225 
237 

4 ,  195 
- _ _ _  

- -  ____ 

'rue.1 s] 
P - 

232 
I92 
168 
140 
111 
92.2 
82,2 
71.6 
60.9 
53.1 
45.1 
a.3 
33.5 

23.7 
19.2 
16.4 
13.6 
ti ,9 
9.88 
8.41 
7,s 
6.24 ;a 
4.62 
4912 
3.55 
3 3  
2.8' 
2,s 
2.35 
2.01 
1 ,&I 
1,v 
1.3 

27.a 

H 

9 .  
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

' 27 
28 
29 
30 
31 
32 

T 1 P '  

1 1 
T I "  I 

1 1 

18 



P 

200 
1.50 
100 
70 
50 
30 
35 
20 
15 
IO 

' -  

---- 
Nova 

00 

-q__ 

Time 

H 

3 
4 
5 
6 .  
7 
8 
9 
IO 
11 
12 
13 
14 
15 
16 
17 

. 19 " 

20 : 
21 I 

22 
23 
24 

' 2 s  
26 

- 

ia 

27 
28 
29 
30 '. 
31 
32 
33 

' 3 4  
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

10,5 
12.3 
14,7 
17.0 
19.1 
22.0 
23.1 
24.4 
26.4 
28.5 

e r., 9 ! 
- --bt-.- 

- 
T - 
238 
232 
!230 
22.5 
223 
216 
211 
210 
214 
216 

~ 214 
211 
212 
21 1 
210 
210 
21 I 
208 
208 ' 
209 
210 
210 
209 
208 

212 
213 
213 
21Q 
20% 
208 
212 
212 
215 
219 
222 
224 
230 
233 
232 
229 
225 
217 
210 

% 

218 
217 
215 

' 209 
202 
204 
205 
207 
208 

\ 210 

) - i & 8  
, Launc 

T 
I I 

243 
20 1 
176 
143 
122 
104 
88.1 
73,2 
60.9 
51.9 
44.1 

30.5 
'26 6 
22.6 
18.8 
15.7 
13.3 
11.1 
9.44 
7.85 
6.68 
5,69 
4.84 . 

. 4.21 
3.59 
3,12 
2,66 
2,26 
1.9i 
1.67 
1,46 
1,24 
1.08 
0.965 
0,841 
0.716 
0.668 

36.7, 

- 
H - 
3 
4 
5 '  
0 '  

' 7  
8 
9 
10 
It 
12 
13 

' 14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
*30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

-__  - 
T - 
2.10 
239 
234 
226 
224 
220 
217 
215 ' 

217 
216 
216 
214 
214 
215 
215 
215 
212 
21 1 
210 
208 
208 
208 
210 
208 \ 

206 
296i 
206 
206 
208 
209 
208 
208 
208 
208 
207 
207 
207 
208 

19581 
!t Lau c 
ctur;sJ s 'F ___ _ _  

P '  - 

243 
206 
I76 
150 
127 
106 
92.2 
78.5 ' 
66.8 s, 2 
48.4 
41.2 
34.3 
292 
24,3 
2t,1 
18.0 
15,o e 

12.7 
10,6 
9.01 
7.67 
6.68 
5,56 
4.73 
4.03 
43.43 
2,92 
2,48 
2.11 
1.80 

1 . I  
200 
150 
100 
70 
50 

'M 
' 2 0  
- JS 

$0' 
6 a 

. 11.2 
13,Q 
15.4 
17.8 
19.9 
22.9 
24,O 

\ .  25.4 
27.0 
29.2 
33,7 
39.4 

217 
216 
214 
214 
2to 1 

209 ' 
21 61-' 
209 
206 

3 
?ot 

t I 

I -T---- Staq4 

h - 
6 
7 
8 
9 

10 
11 , 

1% 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26.  
27 
28 
29 
30 
31 
32 
53 

'34 
3.5 
36 
37 
38 
39 

w d  <I 

r 
==zz$E 

222 
216 
214 - 
215 
,218 
219 
21 7 
216 
218 
213 
21 1 
21 1 
212 
21 0 
206 
205 
202 
201 

199 
200 
20 1 
203 
206 
207 
208 

213 
210 

a 

124 
iw 
84.1 
71.6 
63.8 
54.3 
46.2 
39.3 
34.2 

8,61 
7,F5 
6.99 
6.23 
5.56 
4.84 
4.21 
3,5Q, 
3,05 



20 
15 
10 
5 ' 

24.7 201 
26,5 200 
28,9 206 
33.1 224 

1% 
100 
70 
7 5  

12,9 213 
15.4 212 
17.5 207 
19,5 206 

C 

I , -  150 
100 
70 
50 
30 
25 

12,s 
' 1.5.2 
17,7 
59,7 
22,6 
23.6 

221 
212 
208 
204 
202 
201 

30 
25 
20 
15 
10 
5 

22,5 
23.3 

198 
198 
195 
196 
191 
214 

I . I  

u)o 
150 
100 
70 
50 
30 
25 
20 
15 
10 
5 

10.7 
12,s 
l5,l 
17,3 
19.6 
22,9 
24.1 
25,3 
27;7 
30.0 
35,9 

219 
218 

21 1 
207 
200 
202 
203 
201 
198 
206 

~ 213 . 

24;4 

28,3 
32.4 

26.0 . 

Stan: 
I I 

De-cefflber 1 2 ,  19581  ;til3 
P - 

G.68 
5.56 
4.84 
4,20 
3,51 . 
3.20 
2.85 
2.54 
2.32 
2.06 
1.76 ' 
1 ,68 
1 *x3 
1.47 
1,19 
1,03 
0,9001 
0,785 
0.668 
0.581 
0,506 

- Stanc  - 
H 

_- Cr &-t 

T - 
22 1 
22 1 
220 
22 1 
220 
219 
219 
212 
216 
215 
212 
207 
203 
20 1 
20 1 
1 (99 
I99 
204 
206 
204 
205 
206 
21 1 
218 
224 
230 
234 

' 242 
248 
255 
259 
262 
265 
267 
269 
27 1 
272 
273 
270 
288 
266 
264 
263 
262 
261 

245 
240 
236 
227 
228 
22 1 
217 
218 
219 

668 
609 
530 
452 
384 
328 
278 
232 
197 
168 
143 
122 
106 
90.1 
76,6 
66.8 
55.6 
47.3 
39.7 
33.5 
27.9 
23.2 
19.2 
16.4 
13,3 
11.6 
9.88 
8.41 
7.33 
6.24 
5.18 
4,41 
3.76 
3,12 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

8 22 
23 
24 
25 
46 
27 
28 
29 
30. 
31 
32 
33 
34 
35 
36 

-- 
I sbt 
- -- - 
P 

6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3 6 a  
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

-, - 

Stan1 
n - 

n 1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

' 3 2  
33 
34 
35 

T I P  
150 
124 
106 
90.1 
75,O 
63,8 
53.1 
45,2 
37.5 
31,2 
26,O 
21,6 
18.0 
15,O 
12.4 
10.6 
8,81 
7.50 
6,23 
5.31 
4.41 
3.84 
3.27 

216 
214 
213 
215 
213 
210 
209 
206 
207 
202 
202 
19s 
198 
197 
195 
196 
196 
191 
195 
203 
206 
21 2 
215 
219 
22 1 

213 
207 
209 
205 
204 
204 
203 
202 
Z!N) 
20 1 

Main 
$3 

H I  T 

500 
400 
300 
200 

5.4 
6.8 
8,7 ll,o 

235 
228 
216 
219 

2 0  



. 

I T  P H T - 
226 
228 
233 
237 
240 
243 
243 
244 
245 
246 
249 
232 

I 

P H T P 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

I 

7,OO 
5,82 
4.95 
4,21 
3.67 
3,20 
2.78 
2,48 
2,16 
1,93 
1.68 
1 ;50 
1.33 
1,16 
1.06 
0,922 
0,841 

51 
52 
53 
54 
55 
56 
57 
5s 
59 
GO 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

0,441 
0,376 
0,328 
0.279 
0.248 
q,211 
0,184' 
0,157 
0.133 
0.119 
0,106 
0,092 
0, os4 
0,07.5 
0,067 
0.060 
0,053 
0,047 
0,042 
0,038 
0.036 

27 
25 
29 
3 0 .  
31 
32 
33 
34 
35 
36. 
37 
38 
39 
40 
41 
42 
43 
41 
45 
46 

230 
23 1 
232 
235 
236 
237 
239 
240 
243 
245 
247 
249 
.252 
2.54 
256 
258 
260 
26 1 
26 I 
260 - -  - M a i n (  -- 

-1 

- . I*,.* -- -- 

M a i n  Isobar Surface 

- 
H 

-_I J 

P 5 

2 1 1 1 
- 

233 
267 

' 268 

5 31.8 
2 39.2. 
1 45,2 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

. I S  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

25 1 
246 
244 
234 
228 
220 
220 
22 1 
222 
222 
220 
219 
217 
217 
217 
215 
213 
213 
214 
212 
209 
209 
209 
210 
21 1 
213 
214 
216 
217 
217 
217 
217 
217 

,- 

A p r i l  .2* 19,591 
Time Qf Rntket Lauric 

Standa'rd Levels 1 
12 k 00 m r - - -  

-"- _. - 
/ 

38,4 
32 8 
27,2 
23,2 
19.2 
16,4 
13,6 
11.6 
9.65 
8.22 
6.84 
5 81 
4.96 

v2 ne-i s] 
P 

- 
T - 
238 
233 
228 
226 
224 
226 
226 
227 
227 
228 
227 
227 
227 
227 
228 
228 
230 
23 1 
23 1 
230 
230 

H 

P 
- 
T n 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

' 24 
25 
26 

10 
11 
12 I 

13 
14 
15 

. 16 
. I 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

21 1 
215 
218 
220 
22 1 
22 I 
222 
222 
222 
223 
223 
224 
226 
228 
230 
228 
229 
230 
228 

21 



. k c M  
1-z;; 
3 

w 

;% -... - 
H 

10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

- 

I I 

30 23.5 210 
25 24.6 210 
20 25.8 21 1 
15 27.5 214 
10 29,8 216 
5 34.0 216 ' 
2 40.0 235 
1 44.4 245 

I------- 

_I_ 

T - 
216 
210 
212 
213 
213 
214 
212 
213 
21 1 
209 
210 
209 
208 
208 
206 
207 
207 
207 
205 
205 
204 
207 

P - 

106 
88.1 
73.3 
62.4 
53.0 
45,2 
37.6 
32,8 
27,9 
24.3 
21.1 
18,O 
15,3 
13.3 
11,6 
' 9,88 

8,41 

Mai n 
I s o b a r  Surfaces 

p H 

100 15.3 
70 17.5 ~ 

50 19.4 
30 22.5 
25 23,8 
20 25.2, 
15 27'2 
10 29.9 
5 34,3 
2 40,8 
1 45,O 

214 
. 212 

210 
208 
206 
207 
206 
204 
209 
226 
236 

S t a n d a r d  L e v e l s  1 - 
H 

4 
5 
6 
7 
8 
9 

10 
11 
18 
19 
20 

--- 
T - 
250 
246 
240 
238 
234 
226. 
220 
216 
22 1 
220 
220 

I 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30. 

219 
218 
215 
215 
215 
215 
21,4 
213 
210 * 
2oa 

rime o f  Rocket.. Launcl 
__- '01 h 00 - -_- .  m 
S t a n d a r d  L e v e l s 1  

- 

H 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

- 
T - 
220 
209 
203 
205 , 
204 
204 
!a% 
204 
201 
199 
198 
194 
192 
1 92 
192 
195 
194 
1 94 
197 
200 
1 99 
1 98 
200 
204 
206 
208 
211 
212 
218 
222 
227 
231 
232 
238 
246 
253 
262 

___J 

~P 

78,5 
66.8 
54.3 
44.1 
37.6 
31,2 
24,s 
20,7 
16,s 
13.3 
I0,8 
8,61 
6,84 
5.56 
4.52 
3$7 
3.12 
2,67 
2,32 
2,Ol 
1.76 
1,57 
1.40 
1.27 
1,13 
1,012 
0.922 
0,841 

2 2  



c 

2 3  



TABLES 
O F  D A T A  FROM R O C K E T  PROBES I N  THE M I D D L E  L A T I T U D E S  O F  T H E  U S S R  

I N  1 9 5 7  - 1 9 5 9  

2 4  



L 

T I .  P H - 
61 
62 
63 
64 

67 
68 
69 
70 
71 * 
72 
73 
74 
75 
76 
77 
78 
79 
80 -7 

%L& 
Isobi 

E ,  

___r 

P - 
500 
400 
300 
20 
150 
100 
70 
50 
-30 
25 
20 
15 
10 
5 

S t * n  - 
H 

ard I __-. - 
T - 
280 
278 
275 
269 
255 
24.5 
239 
233 
228 
224 
223 
223 
223 
223 m- .< 
223 
223 
22;: 
224 
224 
225 
226 
226 
228 
230 
233 
235 
236 
239 
241 
244 
246 
248 
250 
253 
255 

L.-- 5 t & l  - 
H - 
0 '  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1s a 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

.30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

* 42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
.60 

T - 
290 
286 
281 
276 
27 I 
263 
256 
248 
2.24 
235 
233 
232 
232 
228 
225 

221 
29 1 
2!22 
223 
224 
225 
227 
229 
232 
235 
238 
241 
244 
247 
247 
247 
247 
249 
2.53 
258 
262 
26.5 
267 
269 
27 1 
272 
273 
275 
276 
276 
276 
275 
272 
267 
261 

. 2.53 
243 
23.3 
223, 
216 
210 
205 
201 
198 

- E  

193 0,176 
193 I 0,153 194 0.140 ~~ 

2 
3 
4 
5 
6 
7 
S 
9 

10 
1 1  
12 
13 
14 
15 . 
16 
17 
18 
19 
20 
21 
22 
23 
-24 
2.5 
26 
27 
28 ' 
29 
30 
31 
32 
33 
34 
35 
36 
37 

193 0;119 
197 0,101 . 199 o,w1 ' 
202 0.066% 
205 ' 0.0531 
208 0,0421 
210 0.0320 
213 0.0237 

716 
638 . 
556 
490 
422 
376 
320 
272 
232 
197 
168 
140 
120 * 

: yo 
73,3 
62.4 
53,l ~ 

44.1 
38.4 
32.8 
27.8 
24.5 ' 
21.6 - 19.2 
16.8 
14.7 
12.7 
11,3 
10.1 
9,12 
8 , Z  
7,49 
6.84 

582 
518 
462 
412 
359 
320 
278 
237 
202 
176 
146 . -  In '*. 
96.5 
78.5 
63,s 
53.0 
44.1 
38.4 , 

34.3 
30,5 
26.7 
23.2 
20.1 
17,6 
153 
13.3 
11.6 
10.1 
8.81 
7.66 
6.68 
5.81 
5,06 
4.62 
4.03 
3.51 

2.53 
2.32 
2,07 
134 

' 1,68 
1.53 
1 ,a 
1.16 
1,Ol 
0,881 

0.581 
0.$06 
0.432 
0,384 
0,334 
0,292 
0.253 

2":z 

::E2 

2t4 o:oim. 
216 0,0149 1 

217 0,0122 
218 0,0103 
219 0,00901 
220 
221 

< T  
1 - 

260 
248 23" 

' 232 
226 1 
222 I 

22 1 
222 
227 
230 

' 

5.4 
7.1 
993 
12.0 
13.9 
15.8 
17;6 
19.3 
23.2 
24.5 
26.0 
2a,2 
31.1 
36,4 

T.i m' 
2 - 44.0 

Aug4st l-jb 

-R*il'ck&t"t 
' *08 

235 
242 
247 
260 
275 

P 

P T 

700 
500 
400 
300 
200 

. 150 
100 
70 
50 
30 
25 
20 
15 
10 

3-2 
5,9 
7.4 
9,5 
11.8 
13.7 
16,O 
18.2 
20.4 

24.9 
26.5 
28.8 
32,O 

23.6 

~ 

286 
256 
243 
230 
223 
223 
222 
223 
224 
226 
228 
231 
236 
244 

2 2 7  
3 27 1 
4 267 
5 260 
6 2.55 
7 250 
8 243 

' 9  235 
226 

11 
lo 

2% 

716 
623 
543 
478 
412 * 

359 
320 

243 
278 

2 5  



c 

- 
H 

12 
13 
14 
I5 
I6 
17 
1s 
19 
20 
21 
22 
B 
24 
25 
.26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
(is 
69 
70 

T - 
227 
229 
228 

' 226 
225 
224 
IL23 
n 4  
225 
228 
229 
231 
233 
234 
235 
239 
242 
244 
246 
248 
249 
252 
254 
256 
258 
260 
262 
265 
267 
269 
27 1 
273- 
27.4 
273 
276 
277 
277 
278 
278 
276 
274 
268 
2ti4 
260 
256 
252 
250 
248 
246 
245 
244 
243 
248 
242 
242 
24 1 
24 1 
241 
241 

P 

206 
180 
197 
133 
116 
101 , 

,86,1 
14.9 
63,O 
%O 

. 43.2# 
35,l 
28,5 
2473 
2 0 8 1  
17,2 
14,7 
13,O 
11,3 
9.88 
8,61 
7.66 
6.68 
5,81 
4,96 
4,21 
3.66 
3, I2 
2.67 
2.32 
2,11 
I ,88 
1.68 
1.53 

* I,36 
1,22 
1 ,os 
0,965 
0.861 
0,766 
0,668 
0.581 
0,,506 
0,441 
0,384 

I Ma'S.n 

500 

400 
300 
200 
150 
100 
M 
5 0 ,  
30 

' 15 
10 
5 
2 

' 1  

' 2, 

249 
240 

12,2 ' 227 
14,3 227 
16,9 224 
19,4 a24 
21,3 228 
23,7 232 
24,9 224 

235 
~ 241 

2% 1 
27.9 
30.8 247 
35.9 238 
42.3 27 1 
48.6 278 

473 
436. 
407 ' 
380 
351 
324 
295 
266 
232 
197 
l6a 
143 
1% 
106 
89.0 
74.9 
61,6 
51.8 
42.1 
35,1 
29.8 
24,s 
2099 
18.4 
16,4 
14,6 
12.9 
11,3 
9.8f 
8,81 
7,8: 
6,!X 
5,91 
5,oi 
4.21 
3 s  

40 + 

41 
42 
45 
44 

2 6  



- 
c H 

!oo 
150 
100 
70 
50 
30 
25 
20 
15 
10 
5 
2 
1 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 , 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
5.3 
54 * 
55 
56 
57 
58 
59 
60 
61 
62 
63 
G4 
65 
66 
67 
68 
6J * 
70 
71 
72 
73 
74 
75 
7%- 

42 SO 

N Q M  
sub  

12.1 
14,3 
16,B 
19.0 225 
21 ,2 223 
24.5 231 
25,9 ' 233 
27,3 !a34 
29.5 236 
32,5 244 
=,o 255 
42,s 265 
4816 264 

- 
234 
234 
! a 5  
237 
241 
244 
246 
249 
25 1 
253 
255 
258 
259 
26 1 
263 
264 
265 
266 
266 
266 
266 
264. 
263 
262 
261 
%9 
255 
250 
237 
225 
218 
212 
2oe 
207 
.206 m 
205 
205 
205 
205 

204 
205 

E *  

276 
278 
280 
281 
280 
2i8 
272 
263 
243 
228 
219 
216 
213 
212 

206 
208 
21 1 
216 

0,922 
0,804 
0,732 
0,653 
0.581 . 0 . 5 ~ 6  
0.452 
0,384 
0.351 
0,305 
0.267 

.. 6.232 
0,Wl 
0.176 

P 

214 
216 
219 

21,l 
18.4 
16.0 
14.0 , 
12.2 
i0.6 
9.n 
804 
8.70 
5,82 
4.95 
'4.21 
3.69 
2.98 
2.54 
2,21 
1,84 
1.63 
1,47 
135 
1.22 
1 .os 
0,965 
0,861 
0,732 
0.609 
0.518 
0,441 
0 I3F4 
0.320 

' 0,272 
0.232 
0,193 
0,168 
0.140 
O.I'L2 

0,0841 
0,0716 
0.0609 
0.0.537 
0,0463 
0.0393 
0.0343 
0 * 0292 
0,028C 
0,0221 
0.019~ 
0,016f 

a, lo t  

-.+--- 

een 
6. 

S u r f l  - 
~T - 
I 

0,232 
, 0,1 i3  
0 , O W  

700 3.4 273 
500 5'8 ,258 
(00 7.3 . 245 
300 9.4 232 

7 
8 
9 
10 
11 ,, 

12 

384 
347 
305 
263 
B4 

27 
28 
29 
30 
31 
32 
3 3 '  
34 
35 
3 6 .  

29 
40 
41 
42 
43 
44 
45 

% 

H 

46 
47 
46 
49 
50 
51 
52 
53 
54 
55 
5c1 
57 
58 
59 1 

60 ' .  
61 
62 
63 
64 
&5 
66 
67 
68 
69 
70 
71 
72 
73 
74 

1 - ?  

1 1 
266 
26 1 

. 254 
' 

250 - 1  

2 7  



c 

7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

. 30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
- .-- 

T 

244 
238 
233 
226 
221 

. 221 
222 
223 
224 
223 
223 
223 
222 
22 1 
22 1 
22 1 
22 1 
222 
22 1 
219 
219 
220 
222 
223 
223 
224 
226 
227 
228 ' 
230 
232 
234 
237 
241 

P 

1 57 
133 ' 

113 
98,8 
84,1 
71.6 
60,9 
51.8 
44,l 
38,4 
32.8 
27.8 

. 24.0 
20.1 
17,2 
14.7 
12,4 
10.8 
9,22 
8.04 
6.92 
6.09 
5 25 
437 
3,93 
3934 
2,19 
1,86 

150 
100 
70 
50 

. 30 
25 ' 

20 
15 
10 
5 

13.3 
15.8 
18,l 
20,3 

I 23,6 
24.7 
26.0 
27.9 
30.4 
35.4 

223 
2'23 
223 
221 
222 

219 
229 
223 
229 

220 I 

I I 
I I 

I :E I 1 1  
12 

H I T I  
I I 

I I 

i s  taken f r  

T 

15 
16 
27 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

1 1  
12 
13. 
14 

217 
218 
214 
214 
216 
215 
214 
216 
217 
223 
225 
234 
235 
239 I 

m t h e  

P 

22 1 
192 
164 
143 
122 
106 
94,4 
82.2 
il,6 
60,9 
49.6 
43.2 
36,6 
30.5 
26.7 
22,l 

35 I 243 I 
36 I 247 
37 253 
38 260 
39 264 
40 262 
41 25 I 
42 260 

I Id I L T  I 

260 
I50 
10 
70 
50 
30 
25 

11.7 
13,6 
16,4 
19,l 217 
21 ,o 215 
24.3 213 
25,4 215 

H I T  t 
17 206 
18 208 
19 207 
20 205 
21 
22 
23 210 
24 213 
25 215 
26 215 
27 218 
28 221 

2 8  



200 
I50 
100 
70 
50 
30 
25 
20 
I 5 
10 

12.2 217 
L1.9 21s 
16 ,1  219 
18,4 218 
20.6 313 
23,9 223 
24,s 226 
26,3 228 
28.1 23 1 
30.1 237 

May 18, S958 
T I m e W  - 

Rocket Launch 
03 h .50 m H T P H T I’ 

i r d  Levels - .?I 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

4 3.5 
36 
n 7 
38 
39 
40 
41 
42 
43 
44 
.45 
46 
47 
4s  
43 
50 

267 
260 
25 I 
24.5 
240 
234 
227 
219 
222 
224 
224 
22 I 
219 
219 
219 
22 1 
223 
223 
224 
223 
213 
220 
222 
224 ’ 

225 
228 
232 
234 
234 
236 
241) 

3241 
24 1 
242 
244 
247 
250 
258 
264 
267 
268 
269 
268 
266 
Zi.? 
2G4 

S t a n c  638 
543 
484 
42 1 
367 
320 
272 
232 

172 
150 
127 
106 

202 

92.2 
78,s 
68,4 
:?8,2 
49.5 
43.1 
36,7 
32,D 
27,2 
23.7 

10 
El 
12 
13 
14 
1 ,i 
I6 
17 
I 8  
19 
20 
21 
‘22 
23 
2-1 
25 
26 
27 
2s 
29 :w 
:3 1 
J2 
33 .x 
33 
36 
37 
;IS 
39 
40 
41 
42 
-13 
34 

292 
253 
22 I 
1 bS 
164 
110 
122 
103 
90.1 
73.: 
66, S 
56,9 
4s,4 
42.1 
36.6 
.‘I1 , 2  
27,2 
73.7 
20,7 
17.6 
15,3 
13,3 
11,s 
9,SS 
8,41 
7.33 
6,38 
3.56 
3 , ? 3  
4.12 
3,55 
t3.0.7 
2,67 N 
2,32 h 
1,97 i 

- 3 
M 

I 

H T P 

222 
22:3 
224 
222 
222 
224 
223 
225 
227 
229 
229 
230 
231 
23 1 
23 1 
235 
236 
239 
24 1 
244 
25 1 
257 
254 
256 
260 
263 
26 1 
26 1 
26 1 

10 
11 
12 
1 ;I 
14 
1 2 
16 

, I 7  
15 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
35 

222 
219 
217 
217 
21s 
219 
219 
218 
218 
219 
213 
218, 
22 1 
22 1 
224 
227 
225 

‘230 
23 1 
232 . 
237 
243 

243 
207 
172 . 
146 
122 
103 
S8, l  
74,9 
63.5 
54.2 
36.2 
40.2 
34,2 
29,2 
24.3 
21.1 
1s,o 
15.3 
12,7 
10.3 
8.41 
7-00 
6,09 
5.18 
A A L . ,  

M a i  n 
I s o b a r  Su.rfaces/ 

H T 

Mai n 
!Isot ir Surfaces 

224 
, 22:; 

22.7 
220 
20 1 
2R 1 
23.7 
24 1 
2;li 

500 
400 
300 
‘LOO 
150 
100 
70 
.jO 
:io 
2 r, 
’Lo 
I 5 
I O  

2 

r;,7 
7 , s5 
9.8 

12.6 
14.6 
17.2 
1!1,7 
21,9 
X I  * 3 
26,7 
28.1 
30,1 

P 

700 
500 
400 
300 
200 
150 
100 
70 
50 
30 

I 

4.2 
6.7 
8 .2  

10 , 5  
lD,0 
15,O 
17,4 
19.s 
22.0 
25.4 

274 
254 
244 
230 
222 
221 
2 13 

223 
2 s9 

220 

822 ‘ 4 1 275 1 716 

2 9  



- 
i June 2 9 ,  1 9 5 8  

Time of  

03 h 30 m 
R o c k e t  Launch 

Stanc - 
1 

H I  

E; 
9 

10 
11  
12 
13 
1 4  
I 5  
16 
17 
18 
19 
20’ 
21. 
22 
23 
24 
25 
26 
27 
2s 
29 
30 
31 
32 
33 
3 4  
35 
3t; 
37 
3s 
39 
40 
41 
42 
4.3 
44 
45 
46 
47 
4s 
49 
50 

JU 

Ro 
{ o  

~ r d  L I  - 
T 

243 
237 
228 
222 
220 
225 
225 
22.) 
225 
224 
223 
223 
223 
223 
223 
224 
225 
227 
23 1 
234 
236 
23s 
239 
239 
239 
240 
240 
239 
239 
239 
235 
239 
239 
239 
23s 
2:38 
236 
235 
233 
232 
230 
229 
2.3 1 

c c  r 

I ve 1 

P 

ime o f  
k e t  Launch 

h 2 0 m  1 
I 
I 

L -  S t a n d a r d  L e v e l  si  

H I T  I P  I 

I I 

H - 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
I!) 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
42 
43 
44 
45 
4 (i 
47 
4s 
49 
50 
51 
52 
53 
54 
55 
51; 
57 
58 
59 
60 
61 
62 
63 
64 

Is0 - 
i’ 

700 
500 

- 

- 
T 

252 
243 
237 
232 
230 
224 
222 
222 
22 1 
220 
219 
22 1 
220 
223 
222 
22.: 
226 
227 
227 
231 
23.3 
237 
238 
240 
240 
242 
243 
247 
240 
25 1 
2>4 
258 
260 
260 
26 1 
265 
268 
272 
276 
275 
279 
279 
278 
277 
275 
275 
27G 
277 
278 
276 
280 
279 
276 
274 
277 
276 
271 
26s 

P 

402 , 
35 1 
305 
266 
232 
202 
1 so 
157 
133 
108 
92.2 
76.7 
6 3 , 5  
53.1 
43.2 
38.4 
33.5 
28,5 
24,3 
19.7 
16.8 
14.6 
12,4 
10,G 
9.22 
8,03 
T,16 
6,38 
5.56 
4.95 
4,41 
3.84 
3,35 
2,32 
2,60 
2.32 
2,06 
1,S4 
1.60 
1.43 
1,27 
1,16 
1.01 
0,901 
0.S04 
0,700 
0,638 
0,560 
0,507 
0,4V2 
0.421 
0,376 
0,335 

I Yai n 
3r Surfaces1 

- 
I 

2 so 
5,s I 2G3 

P 

400 
300 
200 
1-53 
100 
70 
50 
30 
25 
20 
1 5 
10 
5 
2 
1 

- 
II 

7.0 
9.2 

12.1 
14.3 
16.4 
15,s 
20,4 
23,7 
24,9 
25.9 
27,7 
30.4 
36,O 
43,2 
49,l  

3 1 ,  . J u l y  

R o c k e t  
j ’  T i n t @  O f  

0 4  h 20 m- 

T 

252 
242 
224 
222 
220 
220 
223 
227 
226 
23 1 
236 
240 
25 1 
268 
278 

H 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1s 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2s 
2 9 
30 
31 
32 
3:3 
34 
35 
36 
37 

T 

220 
215 
22 1 
21s 
216 
218 
223 
222 
225 
227 
230 
232 
284 
*2:>r >.) 

2x1 
2 4‘: 
24(i 
2 I7 
21 0 
2.50 

P 

7ti7 
668 
5i6 
495 
42 1 
367 
320 
272 
237 
197 
164 
136 
119 
9S,S 
84.1 
73.2 
60,9 
51 ,s 
44, l  
37,6 
32,0 
27.2 
23,2 
19,3 
16,4 
1 4 , ;3 
12,7 
10,s 
9.22 
S,03 
7.32 
6.23 
5.31 
4.62 
4 , m  
3,5l 



. 

Rocket  Launch 
05 h 10 rn 

.". August 1 . -  12 19581 
T i  me OF-"*-"', 

s t an3 

- 
! I  
- 

.'38 
30 
40 
41 
42 
43 
44 
4.5 
4G 
47 
4s 
4!4 
50 
51 
52 
53 
54 

5G 
57 
5s 
59 
60 
GI 
62 
63 
64 
65 
66 
67 
63 cis 
70 
71 
72 
73 
74 
75 
76 

r r  <)<>  

T P 

hrd Levels 1 ;  
___i 

2.53 
2.56 
2.59 
262 
26.5 
267 
272 
273 
273 
271 
269 
266 
262 

3.05 
2,613 
2,32 
2,02 
1,76 
1,53 
1,33 
1,lb 
1 ,Ol 
0,SSl 
0.7G7 
0,MjS 
0,5ti9 
0.4% 
0,431 
0,376 
0,320 
0,278 
0.243 
0,21b 
0,lSS 
0.163 
0,146 
0,180 
0,116 
0.106 
0,0O66 
O,OSY1 
U, 07S.3 
O,OGS4 
0.0609 
0,0,531 
0.0462 
0,0421 
0,0367 
0,0320 
0.0275 
0,0243 
0,0216 

- 
H - 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1s 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
35 
36 

- 
T 

- 
T P H 

265 
26 1 
25.5 
23 1 
244 
238 
228 
222 
220 
211) 
21s 
216 
219 
215 
218 
220 
223 
2 24 
22.3 
224 
22G 
226 
227 
227 
225 
229 
22'3 
22'3 
229 
230 
23 1 
23 1 
230 

609 
53 1 
473 
412 
359 
320 
275 
237 
202 
176 
157 
I35 
113 
95,4 
SI .2 
69.4 
58.2 
49.5 
42.6 
36,7 
31,2 
26,O 
22,l 
18,s 
15,s 
13,3 
11.6 
10.0 
8.71 
7.67 
6.68 
5.89 
5,13 

1 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
:6 
27 
28 
29 
30 

263 
2:)5 
252 
246 
239 
23 1 
225 
23 1 
230 
226 
227 
226 
225 
225 
228 
225 
225 
251 
232 
23 1 
233 
236 
235 

i 

484 ' I 
42 1 I 
3G7 , 
320 
278 1 
243 1 
216 ' 

164 
140 1 
119 
io1 i 
ss. 1 
76.7 
65,3 
55,G 
48.4 
42,1 
36,7 
31,2 
26.6 
23,2 
20,2 
18,0 
16,0 239 I 241 

Mai  n 
I s o b a r  

P / i f /  T 

1 1 

400 
300 
200 
L:O 
100 
70 

7,4 
9 . 6  
12.5 
14.5 
17 1 
19.5 

2.55 
242 
232 
225 
226 
229 

M a i n  1 Main 
' I s oba r Surf a cesl I s o b a r  Surfaces - 

50 225 
232 ' 

26,7 235 
20 28,2 240 I 

1 

- 
1 

Standard Levels]' 

H T P T 
~ 

2.59 
250 
234 
220 
217 
218 
219 
224 
226 
227 
22 7 
2% 
229 
230 

2.7 
4,9 
6,4 
8,5 

10,9 
12.6 
14,9 
17.2 
19.3 
22, G 
2?l. 5 
24,s 
26.8 
20,5 
24 6 
41 0 
46,O 

r,90 
400 
300 
200 
150 
100 
70 
50 
30 
23 
20 
1 ;i 
10 

1 

5,6  
7.2 
9.4 
12.0 
14.4 
16.6 
18.9 
21 , D  
24,3 
25.3 
26 . (i 
28.4 
31 .@ 
36.2 

217 
21s 
220 
220 
227 
23 3 
247 
262 
273 

31 



. 
c 

5 
ti 
'7 
8 
If 

10 
11 
12 
1 3  
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
35 
36 
37 
35 
39 
40 
41 
4 2 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
55 
59 
60 
61 
62 
63 
64 
65 
6 R 
67 
68 
69 
70 

205 
205 
205 
2( )5 
205 
204 
233 
20 1 
202 
204 
207 
210 
214 
219 
223 
22.5 
22s 
232 
23 i 
235 
24 1 
24.7 
245 
252 
256 
26 1 
26 5 
269 
275 
28 1 
287 

484 
412 
343 

237 
193 
1 GO 
133 
110 
92,2 
77,G 
66,O 
56,2 
47,s 
40,2 
33,s 
25,s 
24,0 
20,2 
17,4 
14,s 
12,7 
10,s 

",. - 
L C 3  

9.22 
7. s<5 
6.68 
5,69 
4,S4 
4,21 
3.71 
3.27 
2.9s 
2,6!) 
2 .4s  
2.29 
2.02 
1,7S 
1 ,53 
1,32 
1,13 
0.988 
0.861 
0,7.3) 
0.6% 
0,595 
0,51s 
0,462 
0.412 
0,367 
0,327 
0,292 
0,263 
0.240 
0.216 
0.199 
0.180 
0,165 
0,153 
0,141 
0,129 
0.117 
0.107 
0,096G 
0.0YSI 
0.0767 
0,066s 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

0,0ss2 
0,0501 
0.0431 
0,0376 
0.0327 
0,0285 
0,024s 
0,0216 
0,OISS 
0,0164 

M a i  n 
Isobar S u r f a c e s :  

I' - 
850 
700 
.-,00 
400 
300 
200 
1.50 
100 
70 
50 
30 
2 5 
20 
15 
10 

2 
1 

:I 

1,3 
2,6 
4,9 
6,1 
7,s 
9,s 

11,4 
13.5 
15.7 
17,s 
20,7 
21 ,s 
23,l 
24,!) 
27,:i ' 
31 ,!) 
4 0 , l  
44.8 

T 

20.5 
205 
203 
204 
206 
21 1 
219 
227 
24 1 
275 

March 1 2 ,  1959 

Rocket Launch 
T i m e  a f  

17 h 40 m 

- 
H 

10 
I 1  
12 
13 
14 
1 5 
16 
17 
IS 
I9 
20 
21 
2:! 
'33 
24 
25 

T 

210 
21 1 
212 
210 
212 
209 
210 
21 u 
210 
209 
209 
209 
20s 
206 
208 
212 

eve1 s 
P 

26 
27 
2 s  
29 
30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
4 2 
43 
4 4 
45 
46 
47 
4s 
49 
50 

217 
22 1 
226 
230 
235 
238 
243 
250 
256 
259 
26% 
266 
27 1 
274 
278 
282 
284 
284 
2s3 
280 
277 
276 
279 
"SO 
2so 

I' 

14.3 
12,2 
10.1 
5.41 
7.00 
5,69 
4.62 
3.84 
3,35 
2,92 
2,GO 
2,43 
2,11 
2.06 
1.76 
1,53 
I , A 0  
1.22 
1,11 
0,944 
0,841 
0.750 
0,65? 
0,556 

I Mgin 
Isobar Surfaces _ _  

I 10 I 29.0 I 230 I 
5 3 2 : G  247 ' 
2 40 0 276 1 

- -  1 1 ?5:6 1 275 I 
October 20: 19-591 

TIM o f  - I  

Racket Launch 

Standard Lev& 1 
15 h 15 m 

i-I 

6 
7 
S 
9 

10 
1 1  
i 2  
13 
I 4 
1 -5 
1 G 
1i 
IS 
l!) ' 

2( ) 
21 

- I P I  

243 
229 
225 
2 1 5 
207 
207 
213 
212 
212 
21.5 
214 
2 1 3 
2 1 -5 
215 
215 
214 



Ii P 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34  
35 
: $6 
; :7 
38 
39 
40 
41 
12 
43 
44 
45 
46 
47 
48 
49 
50 
5 1 
.-I2 

EL - 
P - 

1 

54,3 
47,3 
40.2 
35.1 
29,8 
25.4 
22,l 
18.8 
16.0 
14.0 
12,2 
10.4 
8,81 
7,67 
6.68 
5,69 
4.E4 
4.02 
3.35 
2.78 
2,32 
1.88 
1,53 
1,27 
1.04 
0.861 
0.716 
0 ,  609 

stam ---e- 
H 

32 
33 
34 
35 
36 
37 
33 
39 
40 
41 1 

42 
43 
44 
45 
46 
47 

227 
233 
242 
249 
254 
259 
263 
257 
270 
27 1 
271 ' 

272 
273 
273 
2 73 
272 

213 
214 
219' 
2.6 
2iS 
222 
222 
225 
225 
226 
227 
228 
230 
23 1 
232 
235 
237 
240 
240 
242 
243 
246 
251 
255 
257 
2 58 
258 
260 
260 
263 
263 

D r  24 
fnre c 
< e t  t 
h 5 !  

rr4 L 
T 

5 
6 '  
7 
8 
9 

10 
1 1  
12 
13 
14 . 
15 
16 
17 
IS 
19 
20 
21 
22 
23 

.24 
2.5 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

252 
242 
234 
225 
215 
210 
208 
212 
21 I 
210 
21 1 
21 1 
21 1 
213 
212 
213 
213 
21 1 
215 
218 
22 1 
22 1 
221 
22.5 
228 
229 
23 1 
232 
232 
23.3 
240 
242 
236 
230 
227 
225 
226 
23 1 
237 
24 1 
2 4.5 
246 
247 

45 1 ,271 1 
October 2 2 ,  19591 

Time &f I 

33 

? 

I 

1959 
. <  

W c h  
fn. 

vels 
P 

---=-La 

I 

P 

6.6s 
5,56 
4,41 
3.67 
2,98 
2.54 
2.21 
1 ,s4 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

225 
222 1 218 
214 
215 
2113 
216 
216 
213 
215 
215 
216 
214 
214 
218 
217 
218 
21s 
218 
218 
218 
219 
22 1 
223 
222 
222 
225 
229 
232 
234 
234 
235 
236 
238 
242 
247 
253 
2GO 
265 

I 

Stan - 
266 
216 
214 
215 
214 
214 
215 
217 
216 
216 
217 
219 
218 
21s 
218 

. 219 
220 
222 
226 
226 
225 
225 

14 
15 
16 
17 
1s 
19 
20 

50 
30 
25 
20 
15 
10 
5 
2 
1 '  

20.7 
24.0 
25.2 
26.6 
28.5 
31,2 
35.9 
40 ;7 
44.1 

214 
21s 
2'2 1 
22 1 
227 
23 1 
243 
226 
242 



42 
43 
44 
45 
46 
47 

i6cernber 3 ,  19591 
Time o f  

12  h 04  m 
'Rocket L a u n c h  

23s 1 ,on 
24 1 0.881 
243 0.750 
24.5 0.638 
245 0,543 
242 0,462 

Standard Levels 1 

70 17.9 
.j 0 I-9 9 
30 22.8 
25 23,7 
20 25,2 
15 26.9 
10 29,3 

) 33,6 
2 3 . 7  
1 4 2 , l  

H 

21 1 
212 
212 
212 
215 
2'20 
225 
235 
233 
233 

2 
3 
4 
5 
6 
7 
8 
9' 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2 6 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

T 

26 1 
254 
246 
24 I 
236 
232 
223 
213 
206 
206 
210 
209 
209 
210 
208 
200 
21 1 
213 
213 
212 
210 
212 
21 1 
214 
219 
22 1 
224 
22.3 
226 
229 
23 1 
234 
236 
236 
236 
235 
2 . n  
233 
233 
236 

P 

s0,3 . 
66.8 
55,2 
4s,4 
41.2 
34.2 
29.2 
24,3 
20, (i 
17.2 
14.6 
12.4 
10,G 
9,Ol 
7.67 
6.53 
5.56 
4,62 
3.84 
3,12 
2.66 
.2,16 ' 

1,80 
1,46 
1.22 

S t a n d a r d  L - 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

_..L 

T 

212 
212 
21 I 
21 1 
200 
21 1 
213 
21 1 
21 1 
212 
21 1 
213 
213 

H 

24 
2.5 
26 
27 
25 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
5'2 
5'3 
54 
55 
56 
57 
58 
59 
60 
61 
62 
6 3 
64 
6.5 
66 
67 
68 
69 
70 
71 

T 

214 
21(i 
217 
215 
219 
223 
224 
225 
223 
222 
224 
23 1 
236 
235 
232 
220 
227 
22.5 
22.5 
226 
228 
23 1 
236 

3 4  
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TABLES 
O F  DATA FROM ROCKET PROBES O N  T H E  S H I P  " O B "  

1 9 5 7  - 1958 

35 



December  3 1 ,  1957 

Ro'cke t  L a u n c h  
c Time of 

'February- '2 ,  
T i m e  o f  

R o c k e t  L a u n c h  
00 h 26 rrl 

Goor4Anates of 
Launch,Site 

67OkQ'S 
4 . k 7 O  i2 E 

12 h 10 m 
C o o r d i n a t e s  

- 
T H - 

7 
8 
3 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 4 
25 
26 
27 
2s 
29 
30 
31 
32 
33 
34. 
35 
36 
37 
38 
39 
40 
41 

P 

234 
227 
226 
232 
23 1 
23 1 
22 I 
23 1 
,231 
232 
233 
233 
233 
234 
236 
236 
235 
235 
235 
23s 
24i) 
242 
245 
247 
247 
247 
249 
252 
255 
257 
262 
257 
259 
272 
217 

431 
376 
327 
285 
247 
213 
164 
1 GO 
138 
119 
101 
87.1 
73,2 
62.3 
53,1 
43,7 
39,5 
34.1 
29.2 
25.4 
21,6 
18.8 
16 ,O 
13,s 
11,7 
10.1 
8.61 
7 32 
6,31 
5.37 
4,62 
3,93 
3,39 
2.92 

S t a n c  
7 

H 

trd L e v e l s /  
Standard Levgls- - 

T P 
- 

T H P 

27 
28 
29 
:!0 
3 1 
; n 
33 
34 
;i5 
-36 
37 
38 
39 
40 
4 i 
42 
43 
44 
45 
46 
47 
4s 
49 
50 

240 
242 
242 
242 
245 
247 
248 
250 
2.50 
250 
253 
237 
2G0 
263 
266 
26s 
27 1 
273 
27.5 
277 
276 
278 
280 

32,O 
24.3 
20,2 
16 S 
14.0 
12.2 
10.6 
9.22 
8,03 
7.16 

. 6.31 
5.56 
4,95 
4.36 
3,84 
3,46 
3.12 
2,7S 
2.45 
2.16 
1.93 
1.72 
1,50 
1,19 

- 

645 
556 
484 
424 
367 
320 
278 
243 
21 1 
IS4 
157 
135 
117 
101 
85.0 
72.0 
60.9 
51,3 
44,4 
3s,4 
33.1 
28.8 
24.9 
21 . G  
18.7 
16.0 
13.6 
11,7 
IO, 1 
S,50 
.7,29 
6.14 
5.31 
4.52 
3,89 
3,35 
2,SS 
2,48 
2,11 

4 
' 5  

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
i7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2s 
29 
.30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
42 

248 
245 
-237 
229 
222 
219 
22s 
23 4 
283 
233 
233 
235 
234 
234 
237 
24 1 
240 
240 
240 
240 
240 
237 
2J8 
240 
242 
243 
244 
244 
244 
245 
245 
250 
252 
2.53 
254 
256 
257 
260 
263 

Note 
h a s  b e p n  computed  
f r a m  the a l t i t u d e  
o f  t h e  l a u n c h  on  
J a n u a r y  1 9 ,  1958. 

M a i n  
' I s o b a r  Su r faces  

The l a u n c h  

25 242 
242 

15 244 
10 249 

260 
2761 

T i m e  o f  
R o d k e t  L a u n c h  
20 h 15 m ,  

C o o r d i n a t e s  

- 
P - 
500 
403 
300 
200 
150 
100 
70 
50 
30 
25 
20 
15 
10 
5 

- 
H - 
6.0 
7.5 
9.7 
12.4 
14.4 
17.0 
19,3 
21,5 
24,9 
26.1 
27,s 
29, .5 
32,O 
36.5 

T 

240 
229 
23 1 
23 1 
23 1 
233 
233 
236 
235 
235 
241 
246 
247 
260 

p----.M?i-" -. :' 
! I s t o b a ~  S u r f a c e s  

P 1 N T of L a u n c h  S i t e  
(I= 65O26"S 

500 
400 
300 
200 
150 

5,9 
7.4 
9,s 
12.3 
14.3 
17,O 
19,2 

235 
225 
223, 
233 

' 234 
233 
24 1 

' % A =  120°32'E, - 
S t a n d a r d  L e v e l s  
1 if T P 

1 I 
100 
70 



I 

50 21.3 239 
30 24.8 237 
25 26,O 238 
20 27.5 24 I 
15 2914 244 
10 
5 

F e b r u a r y  10 ,19581 
T i m e  o f  

R o c k e t  L a u n c h  
-00 a9. 4 7  -m 

L a u n c h  . S i t e  1 
I 

I 

C o o r d i n a t e s  of I 

9 - 69O49 'S  

2 
3 
4 
5 
6 
7 
s 
9 

10 
11 
12 
13 
14 
1 5 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
42 
43 
44 
45 

6l0 5 :  
tu3: ,&a 

T 

25s 
252 
248 
24 1 
237 
233 
230 
2t30 
233 
234 
235 
2335 
233 
2\33 
2% 
234 
23 $ 
234 
234 
2.34 
233 
232 
233 
235 
236 
236 
237 
239 
242 
243 
244 
24.5 
247 
249 
252 
254 
257 
26 1 
264 
265 
266 
269 
277 

12,2 
10.3 
8 ,S I  
7,41 
6.38 
5,49 
4 3  
4,21 
3.66 
3,24 
2,92 
2.63 
2.37 
2.13 
1.95 

.-. Main 
Isobar  S u r f a c e s  i 

P l H  1. T 

I O  I :32,1 I 244 
5 36,s 253 

F e b r u a r y  1 6 , 1 9 5 8 '  
T i m e  o f  

20  h 06 m 
Rocket Launch  

C o o r d i n a t e - s  of , I  
'Laun.cI S i t e  '' 1 I $ = 4 8 O O l ' S  

X = 17L0_0_6!E 1 
Stand  - 

H - 
6 
7 
8 
9 

10 
11 
12 
1 3 
14 
1.5 
16 
17 
1s 
1 9 
?0 
21 
2'2 
23 
23 
2.-> 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

r d  Lc 

7 

256 
250 
242 
233 
226 
220 
217 
219 
220 
220 
222 
223 
224 
222 
224 
223 
22G 
22s 
229 
230 
232 
2 ,3  
237 
239 
240 
24 I 
242 
244 
245 
248 
2.5 I 
256 

Main 

609 
517 
462 
398 
335 
282 
2.34 
195 
160 
133 
11 i 
94,4 
79,4 
67,2 
56.9 
47,s  
41.2 
35.1 
29.8 
25 ,s  
21 , G  
15,s 
16,O 
13.9 
11,7 
10.1 
8.50 
7.24 
5,96 

I s o b a r  Sur faces  

l H l  
500 I 7'7: I 252 
400 243 

10.7 212s 300 
2c0 12,s 217 
I50 14,4 2'23 
1 I O  16,tj 223 
70 18.8 224 
50 20,s 224 
30 24.0 228 
25 25.2 229 
20 26.6 23 1 
15 28.5 226 
10 ;0,9 240 

I 

I 
March 91,1958 

T i m e  of  
RocJket Lsqpch  

H 

3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 
13 
14 
15 
16 
17 
1s 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

7 

282 
277 
269 
262 
255 
247 
239 
220 
223 
222 
22 1 
216 
21.5 
214 
212 
212 
215 
219 
224 
225 
225 
227 
228 
223 
233 
233 
234 
238 
24 1 
243 
244 
244 
245 

3 7  



.' T i m e  of 
I R o c k e t  L a u n c h  

0 4  h 5 4  m j 

C o o r d i n a t e s  of 
Launch S i t e  

Cp = 43O15 'S  
, X = 1 6 0 ° 1 5 ' E  - -_ - 

70 
50 
30 
25 

19,o 222 
21,2 226 
24,G 229 
26.0 23 1 

20 

5 3S,O 

234 
238 
240 
247 

17s . 
151 
130 
I l l  
94,4 
79,4 
67,6 
50,6 ' 
51 -8  
44,6 

March 1 8 ,  1 9 5 8  
T i n l e  of 

3.0 
5.8 
794 
9,G 

12,3 
14,3 
16,7 

260 
252 
239 
222 
225 
224 
224 

T 

12 
13 
14 
15 
16 
17 
IS 
13 
20 
21 
22 
23 
24 
25 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

H 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1s 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 . 

~ 

260 
256 
255 
250 
242 
234 
223 
223 
225 
225 
22G 
224 
223 
224 
223 
222 
222 
222 
226 
226 
22s 
229 
228 
232 
234 
2.35 
23s 
238 
239 
240 
240 
243 
245 
244 
245 
247 
250 
254 
256 

692 
616 
549 
484 
422 
37 1 
324 
282 
243 
209 
182 
155 
133 
I13 
96.5 
82s2 
70.0 
59.6 
50,6 
43.3 
37 6 
32,s 
28,5 
24 8 
21,7 
19, l  
16,5. 
14,4 
12,7 
11,l 
9.65 
8,41 
7.33 
6,3S 
5,62 
4,96 
4.46 
3,97 
3,59 
3.28 

- 
If 

29 
30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 

_ ~ _  
T P 

13,s 
12.3 
11.1 
9.73 
8.50. 
7,41 
6.42 
5 56 
4.73 
4.08 
3.51 
2,97 
2.53 

- -  

&ai ni-- 
I s o b a r  Surfaces 

-__.- 

T i m e  of 
, R o c k e t  L a u n c h  

1 7  h 0 0  m I 
te  I 

414 s o€, 
La 

(B = F 7 O 2 6 ' S  

- -  - - 

Main ' --__ I s o b a r  _Su.rfaces 
200 
150 
100 
70 
50 
30 
25 
20 
15 
10 
5 
2 

11 , l  
13,l 
15.5 
17.9 
20.2 
23.6 
24.9 
2G,2 
2S,3 
31.1 
36,8 
43 I 6 

T I H  I 
700 
500 
400 
300 
200 
150 
100 

38 



3 
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1 iii 
10 29,4 
5 3 1 3  __ -- 

T i m e  o f  
R o c k e t  L a u n c h  

0 8  h 4 8  m 
C o o r d i n a t e s  o f  

L a u n c h  S i t e  
@ = 6 6 O  2 2 '  S 
A 1 2 8 O  0 3 '  W 

224 

225 
225 
228. 

226 225 

S t  

H - 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
42 
43 
44 
45 

37 
38 
39 
40 
41 

d a r d  

T 

219 3,2S 
220 2.79 
223 2.40 ~ 

228 2,07 
1,so , 

26 1 
257 
249 
246 
240 
233 
228 
223 
225 
226 
226 
226 

227. 
227 
225 
222 
220 
219 
222 
217 
216 
21 7 
215 
216 
216 
216 
215 
215 
218 
21 8 
220 
222 
226 
229 
228 
226 
229 
23 1 
236 
242 
247 
250 

z* 

200 
150 
100 
70 
lio 
30 
25 
20 
I5 
'10 

6 

Levels  

P 

10.3 
12,4 
15.0 
17,3 
19,5 
22,9 
24.1 
25,5 
27.4 
29.8 
34,l 

275 
239 
21 1 
184 
158 . 
138 
119 
to1 
86.1 
73.2 
62,4 
53.0 
45.7 
39,7 
34.2 
29.2 
25.1 
21,9 
18.5 
16,O 
13.6 
11,s 
9.77 
5,41 
7,08 
5,96 
5,Ol 
4.21 
3,58 
3,05 
2.60 
2,21 
1,88 
1.64 
1,43 
1 .a6 
1,13 
1,06 

I H  
A_- - 

T 

225 
226 
227 
226 

, 221 
217 
216 
215 

. 216 
215 
220 
228 

--- - 
N 

I - 
3 
4 

1 1  
12 
13 
14 
15 
16 

" 17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

T 

254 
2.50 
244 
238 
230 
224 
221 
219 
221 
225 
225 
225 
224 
223 
223 
22 1 
220 
219 
21s 

' 218 
218 
217 
216 
214 
212 
210 
210 
212 
214 
214 
216 
217 
217 
219 

P - 
668 
59,5 
518 
4x2. 
384 
331, - 
278 
237 
202 
172 
148 
126 ' 

107 
91.2 
78,5 
68.4 
5916 
5 1 3  
44,l 
38.0 
32,8 
28,l 
24.5 
20.9 
17,7 
15.2 
12.9 
10.8 
9,16 
7,66 
6,42 

' 5.42 
4,63 
3,89 

I I \ 
P '  N I T  I , 

I I 

S.r_d - 
u - 
3 
4 
5 
6 
7 
S 
9 
IO 
11 
12 
13 
14 
15 . 
16 
17 
18 
19 
20 
21 

I p  - 
253 
247 
239 
234 
!E&', 
225. 
224'' 
2% 
228 
228 
228 
226 
226 
226 
224 
223 
222 
2 2  
222 

I 

631 
LE6 
453 
422 
367 
312 

229 
195 
168 
143 
124 
106 
90,1 
75,8 
64,s 
55,6 
47,s 

a69 

4 Q  



*r 

3- 

. I. - . " I  A .  

22 
!XI 
24- 
25 
26 
27 
28- 

' 29 
30 
31 -A 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42' 

T - 
221 
220 
219 
219 
218 
217 
217 
216 
217 
217 
219 
219 
220 
.221 
221 
223 
225 
226 
23 1 
237 
247 

- F  - 
.__ 

40,8 
34.2 
29.2 
24.8 
21.3 
18.1 
15,5 
13.2 . 
11,2 - 
9,5$ 
8,13 
7.00 
5,96 
5,06 

3 252 . 
4 247 969 
5 242 507 
6 236 441 
7 229 384 

9 218 
10 221 
11  22 1 
12 223 
13 222 
14 m 
I5 222 
16 224. 

222 
18 
l7 

221 
1.9 219 
20 210 

22 1 
220 
219 28 

-24 . 219 
25 219 
26 218 
27 216 
28 216 
29' 216 
30' 217 
31 220 
32 222 
33 2!K 
34 m 
35 
36 
37 
38 . 231 
39 233 
40 237 
41 . 242 

z; 

\ 

331 
282 
240 
204 
176 
130 
129 
111 
9494 

'79.4 
66.8 1 

56,g 
48,4 
41.2 
35.7 
30,5 
2633 
22.4 
19.1 
l6,4 
14,O 
12,o 
10,2 
8.70 
7,49 
6 , s  
5.42 
4,D 
3.93 
3 3 9  
2,93 
2,51 
2,27 
2,01 

- 
P - 
5 0  
400 
3'30 
200 
1 5u 
100 
70 
50 
30 
25 
20 
15 
lQ 
5 
2 

T " I  
582 24'2 
6,8 ..23 . 8.8 . 217 
ll,t 2!a1 
13.0 !E& 
15,6 222 
17,8 222 
19.9 219 
23,2 1 219 
24.3 219 
25,6 218 
27.6 216 
30.0 217 
34.6 226 
41 ,O 242 

I - 5 1  
6 '  
7 '  
8 1  
9 .  

i o  
11 
12 . 
13 

' 14 
15 
16 
17 
I8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
29 
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